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STUDIES ON THE DEPENDENCE OF OPTICAL ROTATORY 
POWER ON CHEMICAL CONSTITUTION. PART XVII. 
NITRO- AND CARBOXY- ARYL DERIVATIVES OF 
STEREOISOMERIC METHYLENECAMPHORS. 


By Bawa Karrar SINGH AND TARA PROSAD BARAT. 


i 


The present communication is a continuation of Parts XI, XV and XVI and 
describes the optical rotatory dispersion of the condensation products of oxymethylene- 
camphors (I-, d-, dl-) with nitroanilines (0, m, p-) and aminobenzoic acids (0, m, p-). 


p-Nitroanilinomethylenecamphor was prepared according to the method 
of Pope and Read (J. Chem. Soc., 1909, 95, 171) and the melting point was 
found to be identical with that recorded by these authors. This does not 
agree with that of either of the two forms viz. a-fotm, m.p. 180-81° and 
B-form, m.p. 151-52° isolated by Rupe and collaborators (Helv. Chim. 
Acta, 1920, 8, 50). The latter authors do not, however, record any 
rotatory power data. Pope and Read give the rotation of the dextro 
compound as (ol, = 356°9° in benzene; whereas we get [ol = 

D D 


331'2° (Table XV). : 


m-Nitroanilinomethylenecamphor was also prepared according to the 

method of Pope and Read (loc. cit.) and it melts at 181° instead of 167-68° 

as recorded by these authors. Our observed value of rotation [a] Ge = 
D 


249°6° in benzene (Table VII) differs from those viz. 269°2° (initially) and 
233°9° (after 24 hours) given by the above authors. Our compound, however, 
does not exhibit any mutarotation, a fact which goes against the obser- 
vation and conclusion of these authors. 


o-Carboxyanilinomethylenecamphors (d- and I-), prepared by us, melt 
at 167-68° and differ from either of the two forms of the same compound 
viz. X-form (m.p. 176°) and B-form {m.p. 112°) isolated by Rupe and col- 
laborators (loc. cit.) The authors, however, do not record any rotatory 
power data, 


2, B. K. 


Cc=CH- 
M=CsHuC | 


Compounds. , 


*Anilino-M 


tos eae corm » 


_ *m-Toluidino-M 
; xp-Toluidino-M 
to-Chloroanilino-M ~ 
4m-Chloroanilino-M 
+p-Chloroanilino-M 
. o-Bromoanilino-M 
‘tm-Bromoanilino-M 
p-BromonailinoM 
: « tev-Todoanilino-M 
¢. tp-Todoanilino-M 
o-Nitroanilino-M 
m-Nitroanilino-M 
p-Nitroanilino-M 
2 e o-Carboxyphenylamino-M 
: “¢n-Carboxyphenylamino-M 
p-Carboxyphenylamino-M 
bape. * oe 


eee 
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Tasie A. 


MeOH. EtOH. 
480:0° 


454-4 
465-0 
400°2 
388-5 
417°7 
~ 347°5 
36x°x 
328°5 
. 338°r 
"493° 
393°9 
510°7 
388'9 
: 396°8 


451-3° 


439°9 
440-8 
4058 
384-7 
406°3 


339°9 - 


354:0 
355°6 
319°5 
325°9 


388'5 
390°9 


Singh and Bhaduri, Proc. Indian Acad. Sci., 
+ Singh and Bhaduri, ibid., 1939, 10K, 359 
ne Hxtrapolated values from the equations, 


\ 


Bo ae st 


: Effect_of Chemical Constitution on the Rotatory : Power.—Since polar 


“ee 


a: SS 


Acetone. 


448-9° 


442°3 
425°8 
“380. 0 
388-0 


4or8 


330° - 

“348"4 

360°6, 
309°7 

326°5 


*E468-x 


389°2 
519°4 
"37355 
76x 


35 
sole essen sabe 
Pyri: 
dine. CHCh. CsHg 
433:2°  424:6° — 367-1° 
4058 3848 352-6 
4or6 4or-6 355-4 
301-3" 3860 364-7 
374-4 3814 363-6 
304-4 3746 ..359°4 
328-4 329°0 3143 
334°3 324°T 279-3" 
388 524'3 2000. 
294°8 = 27Q'X _.. A5IL. -- 
+3184 300'0- ‘2586 - 
#4424°8 484°6 —399°2 
re 3900 SS 
5450 4903'S 43770 
3775 382'2-  395°6 
Ope ae Fe 


426°3 


a. ® Singh, Bhaduri and Barat, J. Indian Chem. Soc., 1931, 8, 345. 
1037, 8B, 340 


°o 


ne 


effect. of a substituent group is traceable in optical. activity (Singh -and 


Bhaduri, Parts XV and XVI; 


Betti, Gazzetta, 1923, §8,- 424) «we 
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should- expect ‘that - the substitution “of positive groups such as-NOz 
and COOH ‘in anilinométhylenecamphors will increase the rotation of the 
parent compound, and the, effect would be most ‘marked in the case -of 
-ortlio-substituents owing to the close proximity of the substituent group. The 
nitro substituerit in the ortho and para positions has the’ maxirium- rotation 
atnongst the series of substituent groups so far examined (cf. ‘Table A) and 
the rotation in the meta position is intermediate. ‘The position of COOH 
group is anomalous; in the sequence of substituent groups, as a positive 
‘group, it ought “to be’ it” the ‘proximity ‘of NO,; another strongly positive 
one. But it is always intermediate in the series, .with. no fixed position. 
Except in benzene in the case of ortho-substituents, nowhere is the polar 
sequence’ strictly followed; ‘the position of--COOH-group being -most 
uncertain of the series. A simiiar irregularity is- observed in the position 
of the COOH-group amongst the different groups of -the -“‘ molecular 
inductive capacity ’’ series (Rule and Smith, J. Chem. Soc., 1925, 2188). 


Nature of the Solvent and Rotatory Power.—There is no regular 
sequence of the solvents: although -in previous communications it 
was observed that the sequence of the solvents with reference to optical 
porno was more or less similar to that of their dielectric constants. ° 


“Position Isomerides and ‘Rotatory Power: —The sequence of the 
rotatory power of the position isomerides “of nitroanilinomethyléne- 
.camphors is in general p> o> un>_.m in all the'solvents, ° ‘This is- neither 
‘jn agreement with Frankland’s lever arm hypothesis (J. Chem. -Soc., 
“1896, 69, 1583).nor- with the electrostatic modifications’ suggested i 
Rule (J. Chem.* Soc.,- 1924, 125,¢ 1122) as according,-to either- of the 
two, meta should be always intermediate between ortho and para. 
A similar line of ‘discussion may be extended to the position isomerides of 
carboxyanilinomethylenecamphors for which the order in Pye is 


a7 Pe Om mM an. 7 


" Physical I dentity of Isomers.—The values of _ rotatory power 
of d- and I- forms in different solvents (Table LXXVI) are identical 
“within the limits of experimental error. Out of 195 ‘observations now 
recorded, in as’ many aS 152 cases difference in the numerical’ value ‘of 
the specific rotatory power of the Opposite isomers corresponds to ‘a 
’différerice of less than o-or® in the ‘observed angle-of rotatjon-and in 
236 \cases: the .corresponding- angle. lies between oor° and o'02°, which -is 
‘thé’ linlit of: experimental error allowable im ‘such meaSurements. 
“Only in7 cases, the difference corresponds to between 0-02° and 0'03° in the 
s obgerved ‘atigle of rotation.: ‘All-these are, however, of the-nature of-casu¥l 
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experimental errors. This, therefore, further supports Pasteur’s principie 
of molecular dissymmetry according to which the two forms, d- and 
l- must possess equal and opposite rotatory power. 

The melting points of the racemic forms of p-nitroanilinomethylene- 
camphor and p-carboxy phenylaminomethylenecamphor are higher than those 
of the optically active forms. These forms are dl-compounds at least in the 
solid state. 


The Nature of Rotatory Dispersion.—The compounds described in this 
R 
ME AY, ‘ 
given in the tables of rotatory dispersion [I-XXVI], this point is clearly 
brought out as the differences in the observed and calculated values of 

rotatory power lie well within the limits of experimental error. 





paper obey the simple dispersion law, [a]= In the numerical test 


EXPERIMENTAL. 


The laevo and the racemic compounds described in the present paper 
were prepared in the same way as the corresponding dextro isomers and had 
the same crystalline form and similar solubility. 


General Method of Preparation.—Oxymethylenecamphor (x mol.), 
dissolved in methyl alcohol, was added to the solution of the base (x mol.) 
in glacial acetic acid when a precipitate separated at once or-on keeping and 
vigorous scratching. It was then cryst€ilised from a suitable solvent. 


o-Nitroanilinomethylene-d-camphor, Tl.p. 157-58°, was obtained as 
orange-red needles, easily soluble in chloroform and acetone, less so in 
pyridine and sparingly soluble in ether, ethyl and methyl alcohol and 
benzene. (Found: C, 6798; H, 6°87. CizHao03N. requires C, 67°04 ; 
H, 6°71 per cent). + : 


o-Nitroanilinomethylene-l-camphor melts at 158°. (Found: N, 9°40. 
Ci;H2.03N2 requires N, 9°33 per cent). o-N itroanilinomethylene-dl-camphor 
melts at 150°. (Found: N, 949%). 


m-Nitroanilinomethylene-d-camphor, m.p. 181°, was obtained as bright 
yellow small crystals. (Found: C, .678z; 4H, 6°99. CizHaOsNs 
requires C, 67°94; H, 671 per cent). It is easily soluble in chloroform 
and acetone, less so in pyridine and sparingly soluble in ether, methyl 
alcohol, ethyl alcohdl and benzene, m-Nitroanilinomethylene-l-camphor 
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melts at 180-81°. (Found: N, 9°64. Cy,H.,O;N. requires N, 23 
per cent). m-Nitroanilinomethylene-di-camphor melts at 167-68°. (Fouad: 
N, 9°48%). 

p-Nitroanilinomethylene-d-camphor, m.p. 154-55°, was obtained as 
bright yellow shining needles. (Found: C, 6796; H, 7°05. Cy;H2.O:T2 
requires C, 67°94 ; H, 6-71 per cent). It is easily soluble in Chloroform end 
acetone, less so in pyridine and sparingly soluble in ether, methyl alcokal, 
ethyl alcohol and benzene. 


p-Nitroanilinomethylene-l-camphor melts at 154-55°. _ (Found : N, 9-47. 
C,,H.,)O;N2 requires N, 9°33 per cent). p-N itroanilimomethylene-dl-camp2er 
melts at 167-68°. (Found: N, 948%). ‘ 


o-Carboxyphenylaminomethylene-d-camphor, m.p. 166-67°, was obteiz- 
ed as pale yellow rectangular plates. (Found: C, 72°01 ; H, 7:38; N, 4778. 
CisH2.0,N requires C, 72°24 ; H, 7:02 ; N, 4°68 per cent). It is easily solutie 
in chloroform, pyridine, acetone and ether; less so in benzene, etavl 
alcohol and methyl alcohol. o-Carboxyphenylaminomethylene-l-camp tar 
melts at 167-68°. (Found:.N, 4°72. CysH2O3;N requires N, ¢t8 
per cent). o-Carboxyphenylaminomethylene-dl-camphor melts. at, 113°. 
(Found : N, 4°70%). 


m-Carboxyphenylaminomethylene-d-camphor, m.p. 219-21°, was obtdized 
as colourless needles. (Found: C, 72:02; H, 7:26. CisH20;N requir:s 
C, 72°24; H, 702 per cent). It is fairly soluble in pyridine, less sc in 
methyl alcohol.and ethyl alcohol andesparingly solubte-in etlier, benzene ard 
chloroform. m-Carboxyphenylaminomethylene-l-camphor melts at 219-21°- 
(Found: N, 4°70. CygH.O;N requires N, 4°68 per cent). m-Carboz3- 
phenylaminomethylene-dl- camphor melts at 215-17°. (Found: N, 4°8853.. 


p-Carboxyphenylaminomethylene-d-camphor, m.p. 280-83°, was obtained 
as long rectangular plates. (Found : C, 72°09; H, 7°27. *CisH210;N requires 
C, 72:24; H, 7:02 per cent). It is moderately soluble in pyridine ari 
sparingly soluble in ordinary organic solvents. p-Carboxyphenylami-z- 
methylene-l-camphor melts at 280-82°. (Found: N, 4°70%). p-Carbos3- 
phenylaminomethylene-dl-camphor, m.p. 283-85°, -was obtained as needles. 
(Found : N, 4°73%)- 


The rotatory power determinations were made in a 2-dem. jacketed tits 
at 35°. The value of Ag, calculated from the dispersion formula, is.given 
in the tables and is expressed as or1o-* cm. . . 
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Taste VI. 
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TABLE XIV. 


p-Nitroanilinomethylenecamphor in pyridine. 
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TABLE XVIII. 
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TABLE XX. 
o-Carboxyphenylaminomethylenecamphor in ethyl alcohol. 
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TasLe XXII. 
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TABLE- XXIV. 


_ n-Carboxyphenylaminomethylenecamphor in ethyl alcohol. 
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m-Carboxyphenylaminomethylenecamphor in methyl alcohol. 
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TABLE XXVI. 


p-Carboxyphenylaminomethylenecamphor in pyridine. 
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STEREOCHEMISTRY OF MONOCYCLIC RINGS. PART I. 
INTERCONVERSION ‘OF METHYLCYCLOHEXANE 
INTO METHYLCYCLOHEPTANE RING AND 
SYNTHESIS OF 4-METHYLCYCLOHEPTANONE. 


By MusamMMAD QUDRAT-I-KHUDA AND SupasH Kumar GHosz#. 


4-Methylcycloheptanone has been synthesised by three different methods. Firstly 
4-methylcyclohexanonecyanohydrin was converted into 4-methylcyclohexenyl cyanide 
which was reduced to 4-methylcyclohexvimethylamine and di-4-methylcyclohexylmethyl- 
amine. Distillation of the product obtained by the action of nitrous acid on the primary 
amine, yielded 4-methylcycloheptene, 4-methylcycloheptanol and 4-methylcyclohexyl- 
carbinol. 4-Methylcycloheptanol on being oxidised gave a ketone mixture from which 
it has been inferred that 4-methylcycloheptanone exists in isomeric forms, 

Methylsuccinic ester gave a diol on reduction which was subsequently converted 
into the dibromide, the di-nitrile and methyladipic acid. By the action of sodio- 
malonic ester on the dibromide and the subsequent hydrolysis, the corresponding suberic 
acid could not be obtained. The only product of this reaction was methylcyclopentane 
carboxylic acid. The methyladipic acid was, however, more conveniently prepared 
by the oxidation of 4-methylcyclohexanone. This was convérted into the diol, di- 
bromide, di-nitrile and y-methylsuberic acid without much difficulty. 

By a third- method pure 4-methylcyclohexanone was converted into a mixture of 
ketones by the action of diazomethane by the :method of Mosettig and Burger. From 
the ketone mixture, the semicarbazone of 4-methylcycloheptanone was isolated-in fairly 
good yield. : 


. e ' 


It appeared to be of-interest to examine the condition under which a 
a particular ring structure can be interconverted into some other ring, the 
formation of which is more difficult according to Baeyer’s hypothesis. 
Demjanow reaction provides an important experimental method for changing 
a lower ring system into the next higher. From the relative ease of forma- 
tion of such rings, a rough estimate of the amount of strain may perhaps 
be made, particularly if no other factors influence such ring transformation. 
The preparation of substituted higher ring compounds has an added in- 
terest in that there isa possibility of isolating the necessary number of 
isomers if the ring system is multiplanar in character. With these ideas in 
view, methylcyclohexane ring was subjected to Demjanow change in’ order 
to isolate the related methylcycloheptane. derivative. 
The method of Ruzicka and Brugger (H. elv. Chim. Acta, Sone: 9, 319) 
offers a possibility of transforming -methylcyclohexane into a methlcyclohep- 
‘tane ring. Accordingly p-methylceyclohexanone was chosen as the first 
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substance to be employed, as this will not present the difficulties of forming 
more than one structural isomer by its ultimate transformation. Pure p- 
methylcyclohexanone was converted into the cyanohydrin (I) through the 
bisulphite compound and potassium cyanide, or by the direct addition of 
hydrogen cyanide to the free ketone The cyanohydrin (I) was dehydrated 
by thionyl chloride to unsaturated nitrile (II), Ruzicka’s method (loc. cil.) 
proving more satisfactory than that of Darzen (Compt. rend., r9x1, 162, r6or). 


CHy-CHy. . OH CH,—CH’ 
. CH; CH DEG CHy cH Son 


CHo—CHe CHo—CHe 
@ “(ID 
CH," one SS cH CH,'NH> 
CH»—CHs 
(111) 


~The reduction of the unsaturated nitrile furnished the amine (III) 
_together with a smgll quantity of di-p-methylcyclohexylmethylamine as a 
by-product. The separation of these two amines was effected by distilla- 
tion. ‘The amine (III) was characterised by the formation of oR 
i above a picrate, and other derivatives. 

--The'- primary amine (III) with nitrous acid gave a mixture of 
three different compounds, which were separated by careful fractional 
distillation. The lowest boiling fraction was the hydrocarbon (IV), while 
the middle fraction, which constituted the major portion of the mixture, 
consisted of 4-methylcycloheptanol (V). The highest fraction was obtained 
in very small quantity and this could not be thoroughly examined. It may 
perhaps be p-methyleyclohexylcarbinol. 


CH," CHC CH" CHC” 
CH,—CH,—CH \CHy—CHy—CHg 
7 “(Vy “* (v) ° 


The alcohol (V), when oxidised with chromic acid, gave a ketone 
mixture, which yielded a semicarbazoue of indefinite melting point. By 
careful crystallisation this was separated into two fractions, one melting at 
159° and the other at r24°. The second semicarbazone (m. p. 124°) was not 
obtained in sufficient amount for a thorough examination. We are, 


Pog24h4 
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therefore,- unable at present to pronounce it to bea semicarbazone of an 
isomeric methylcycloheptanone (VI) or that of an aldehyde obtained from 
p-methylcey¢lohexylcarbinol which might have been present in small 
quantity in the alcohol (V) ‘The, alcohol (V), however, was converted 
into a solid hydrogen phthalic ester and the sample used for oxidation was 
regenerated from the hydrogen phthalate. - Therefore, we are inclined to 
the view that the isomeric semicarbazone could not be thatof an aldehyde 
(VII) and is most probably ,an isomeric cycloheptanone. We are now 
investigating this point more fully. , 


CH»—CH»-—CO = , 
‘CH,’ cnc CH, CH i CH'CHO 
CH 9—CH e—CHy CH s—CH,” 2 
Wo. . _ (WIL) 


In order ‘to establish the identity’ of 4-methylcycloheptanone, thus 
prepared, it was considered necessary to synthesise the ketone. For this 
purpose, we at first thought that ethyl a-methylsuccinate might be reduced | 
to the diol (VIII, R=OH). Its dibromide (VIII, R=Br) should give ethyl 
3-methylhexane-1:1:6:6-tetracarboxylate (IX), which woyld yield y-methyl- 


suberic acid on hydrolysis. ; eee 
: COgEt. 
CHsCH—CH»R CH;CH’ CHa Hy CHC 
COsEt 
CHe—CH2R 
7 OgEt 
: (VIII) * * CHy'CHe" cal = 
: ; COgEt 


- 


(IX) 


But the dibromide (VIIJ, R=Br) gave ethyl 3-methylcyclopentane- 
t:x-dicarboxylate (X) exclusively with sodiomalonic ester. ‘The product is 
hydrolysed to 3-methylcyclopentane-1-carboxylic acid. ° 


ae ee 
CHs° CH. ¢ 5 2 esi 
es ‘ ge, Oe a 


|) ude: 2 
8-Methyladipic acid, prepared by the oxidation of p-methylcyclohexa- 
none was identical with the acid obtained by~- the hydrolysis of the 


dinitriie (VIII, R=CN) prepared from the corresponding dibromide. : 
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Ethyl 8-methyladipate furnished the diol (KI, R=OH) on reduction. 
This was then converted via the dibromo derivative to the dinitrile 
(XI, R=CN). 


: 
4 


CHo—CH 9’CHeR 
CHs CHC 
CHy—CH»sR 


(XT) 


The nitrile was hydrolysed to y-methylsuberic acid (XI, R=COOH) 
and thence to 4-methylcycloheptanone. 

The ketone has also been prepared by the action of diazomethane on 
p-methylcyclohexanone in the presence of methyl alcohol and potassium 
hydroxide. During this reaction the intermediate compound (XII) changed 
partially into the oxide (XIII), which has not been isolated. But methyl- 
cyclooctanone was obtained in small quantity, while methylcyclcheptanone 
(VI) was the main product of this reaction (cf. Mosettig and Burger, 
J. Amer. Chem. Soc., 1930, 52, 3456). The separation of these two ketones 
was effected by fractional crystallisation of their semicarbazones. 





CH 9--~CH Q CH e—CH 2 
CHy CHC >e-—CHs CHy CH >o—CHs 
CHy—CHs S wale CHo—CHe Nee 
(x) (x1) 


1 
The synthetic ketones, obtained by the two above described methods, 
yielded primarily one semicarbazone which was identical with that obtained 
in greater quantity from the ketone prepared by Demjanow method. 


EXPERIMENTAL. 


4-Methyl-1-cyapo -1- hydroxycyclohexane (I) —A_ solution of sodium 
bisulphite (104 g., 1 mol.) in water (140 c.c.), cooled in ice, was saturated with 
sulphur dioxide. To the ice-cold solution, p-methylcyclohexanone (56 g., 
% mol.) was added gradually with continuous stirring and then left overnight. 
The bisulphite compound was collected, washed successively with rectified 
spirit and a little ether. The paste of the bisulphite compound with a little 
water, cooled in ice, was gradually treated with a solution of potassium 
cyanide (65 g.) in water (rz0 c.c.) with vigorous shaking. After standing 
for 2 hours at 0°, the oily product was filtered from the crystalline solid 
which was very carefully washed with ether. From the filtrate the oily 
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layer of cyanohydrin was separated and the aqueous solution repeatedly 2x- 
tracted with ether. The combined extracts were dried and the solvent was 
removed after the addition of a few drops of concentrated sulphuric acid. 
The residual liquid was fractionated and the cyanohydrin collected at 
65-68°/5 mm., yield 51g. (72%). (Found: C, 68°82; H,8°9. CsHisON 
requires C, 69°06; H, 9°3 per cent). This on keeping in a glass container 
underwent decomposition and hydrogen cyanide was slowly evolved and the 
decomposition was rapid in presence of ammonia. 


The cyanohydrin may also be prepared by the action of hydrogen cyarride 
but the product is not so pure. p-Methylcyclohexanone (56 g., 4 mol.) was 
gradually added to the liquid hydrogen cyanide (33 c.c.), cooled in a ireez.ng 
mixture and then a few drops of dimethylaniline added and the mixture ‘eft 
overnight. After the removal of unreacted hydrogen cyanide in vacuum, <he 
mixture was dissolved in ether, washed with a dilute solution of hydrochlcric 
acid and after removal of the solvent, the residual oil fractionated. The frst 
fraction consisted of unreacted ketone (4 g.) and the second fraction gave ~he 
cyanohydrin (58 g., 81%). 


4-Methyl-Al-cyclohexenyl Cyanide (II).—(a) A solution of 4-methy_-1- 
cyano-1-hydroxycyclohexane (50 g.) in dry benzene .(60 c.c.), coaled 
in a freezing mixture, was mixed with thionyl chloride (roo g.) dropwise 
with continuous stirring during 14 hours and then left overnight. 
After being gently warmed on a water-bath for 2 hours, the cocled 
mixture was decomposed with ice-water (75 c.c.). ‘The benzene extract 
of the unsaturated nitrile was washed with dilute sodium carbonate 
solution, dried, freed from the solvgnt and the residual oil fractionated, 
when 2°5 g. of the unreacted cyanohydrin were recovered at 65-68°/5 mcm. 
and the unsaturated nitrile (30 g.) boiled at 98-r00°/5 mm. After 
repeated fractionation the unsaturated nitrile was obtained as a colourl2ss 
mobile liquid, which had d,°, 0°93954 3 mp”, 1°46898 ; whence [Rx]», 35°90 
(calc. 36°2). (Found: C, 79-0; H, 8°8. C,Hii,N requires C, 79°3; H, 9°0 
per cent). . 


(b) The dehydration was also effected by Darzen’s method but less 
satisfactorily. ‘To a mixture of crude cyanohydrin (50 g.) in pyridine (79 z., 
x mol.), cooled in ice, thionyl chloride (131 g., 1°1 mol.) was added dropwise 
with continuous stirring during 1 hour. The dark product was heated under 
reflux for 1 hour, poured into water and acidified. After filtration it was 
extracted with ether, the ethereal extract washed with sodium hydrox de 
solution (5%), dried and on repeated fractionation afforded 25 g. of the pure 
unsaturated nitrile, : 
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(i) Partial Hydrolysis of the Unsaturated Nitrile (Il) to the correspond- 
ing Amide—To the ice-cold nitrile (2.g.) was added drop by drop ice-cold 
sulphuric acid (d 1°84, 1 c.c.) and after standingat the room tempera- 
ture for 24 hours, the mixture was heated on a steam-bath for 10 hours. The ° 
thick mass after decomposition with crushed ice was extracted repeatedly 
with ether, the extract washed with sodium’ carbonate solution, dried over 
sodium sulphate and the solvent removed. The yellowish residue 
‘crystallised from methy! alcohol, and had m.p. 140°. (Found: C, 687; — 
H, 91. C,H.;ON requires C, 69°06 ; H, 9°3 per cent). 

(ii) The complete hydrolysis of the unsaturated nitiile to A?-tetrahydro- 
p-toluic acid was effected, by heating it under reflux for ro hours with 
concentrated hydrochloric acid. The acid after isolation in the usual 
manner crystallised from alcohol, m.p. 132-33°. (Found : C, 68°4 ; H} 8'5. 
C,H,202 requires C, 68°57 ; H, 8°57 per cent). : 

p-Methylcyclohexylmethylamine (III).—A solution of p-methyicyclo- 
hexenyl cyanide (20 g.) in amyl alcohol’(dried over calcium) was heated to 
boiling and to the hot solution sodium (30 g.) was added portionwise and 
the reaction was allowed to proceed as vigorously as was consistent with 
safety. ‘The temperature was then gradually raised to 160-70° atid’ heating 
continued till all the sodium dissolved (4 hrs.).- It was then allowed to cool, 
but while still hot, a little water (50 c.c.) was gradually introduced to prevent 
‘solidification of the mass. The solution was cooled 1n ice and then gradually 
acidified. with 300 c.c. of hydrochloric acid (d 115). After removal of amyl 
alcohol with steam, the’ residual solution containing sodium chloride and the 
hydrochloride of the amine was evaporated to dryness on a steam-bath. 
‘The residue was powdered and treated with ether. It was then treated 
with. an excess of well-cooled solution of potassium hydroxide 
‘(20 g.) in water (x00 c.c.). The liberated amine was extracted three times 
with ether, The ethereal extract was dried at first over potassium hydroxide 
and then over anhydrous potassium carbonate. After removal of the solvent 
the residual liquid was fractionated. The first fraction, b.p. 67-80°/30-35 mm. 
(2g.) was the finsaturated nitrile. The second fraction, which had 
b.p. 85-98°/34-35 mm. was a colourless liquid (10-5 g.). (Found: C, 75-9; 
H, x1331- CsHiyN requires C, 75°6; H, 1338 per cent). It had d,°’, 
0:8548z 5 m» , 1°45537 3 whence [Rz ]» , 40°32 (calc. 40°36). 

The benzoyl derivative of the amine, prepared in the usual manner, 
crystallised from ethyl alcohol, m.p. 93°. (Found: C, 77-4; H, 88. C,;H,,0N 
requires C, 77°9 ; H, 9:09 per cent). . 

The platinum compound, prepared in the usual manner, crysta- 

‘tlised from rectified spirit in well defined rhombohedra, m.p. 248° 
(decomp.}. (Found ; Pt, 29°33. CisHssN,Cl,Pt requires Pt, 29°36 per cent), 
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- The’. hydrochloride’ crystallised from methyl alcohol in beautiful 
shining needles, m.p. 248-50° (with shrinking from 220° and decomposition}. 
(Found : Cl, 27-42. C,HizN, HCl requires Cl, 21-7 per cent). 

The third fraction, b.p. 155-165°/30-35 mm. (3 g.) probably consisted 
of di-p-methyleyclohexylmethylamine, which was obtained as a thick liquid 
having'd,**, 086377,; m> , 1°45597; whence [Rz ]» , 74°6 (cale. 75).° (Found : 
C, 80-5; H, ra7. CysHsiN requires C, 81-0; H, 13-1 per cent). , 

4 Methylcyclohepianol and .4-Methylcyclohepiene.—The solution of 
p-methylcyclohexylmethylamine (20 g.) in glacial acetic acid (11 c.c.) and 
water (100 c.c.) was very slowly treated with a-solution of sodium nitrite 
(xz g.) in ra c.c. of water. The mixture was shaken well and then heated 
on the steam-bath for 14 hours with an efficient condenser through which 
ice-water was circulated,. The brown oil separating on the surface 
was taken up in ether. The ethereal solution was washed with sodium 
carbonate solutiow: and then with water and finally dried over anhydrous 
sodium sulphate:’ After removal of the solvent the residual oil was carefully 
distilled and three fractions were collected : (i) b.p. 65-72°/38-40 mm. or 
rro-20°/go mm. ‘yield 3°5 g.); (ii) b.p. 10a-5°/32-35 mm. or 125-130°/90 mm. 
(yield r1g.) ; (di) .b.p. 170-208°/14 mm. or 165-75°/7 mm. (yield 1°5 g.). 

The aqueous acetate mother-liquor was made alkaline and the unreacted 

amine (3 g.) was regenerated. ek 
4-Methylcycloheptene (V).—The fraction (i) was identified to be 
4-methyleycloheptene. It absorbed bromine in carbon disulphide solution. 
It was’ ‘purified by redistilling. over sodium at 69-70°/38 mm. and had 
d,*, 0°76061 ; y°", 142016; whence [R, ]>, 36-2 (calc. 36-48): (Found : 
G, 87-6; H, 12-54. C,H,, requires C, 87:27 ; H, 12°7 per cent). 
y-Methylpimelic Acid from 4-Methylcycloheptene-—The unsaturated 
hydrocarbon (3.g.) was oxidised with potassium permanganate (ro g.) in 
water (500 c.c.) by the usual method when y-methylpimelic -acid was’ 
obtained which, when crystallised from dry ether, had m.p. 56°. (Found : 
C, 54°90; H, 821. C,H yO, requires C, 55°17 ; H, 8:04 per cent). 
. 4-Methylcycloheptanol (VI).—The second fraction, b.p. 102-105°/ 32-35 
mm. was identified as 4-methylcycloheptanol by its conversion into the 
corresponding hydrogen phthalate. Equal weights of alcohol and finely 
powdered phthalic anhydride were mixed with little dry benzene and 
heated for several hours on the steam-bath under reflux. ‘The mixture was 
then poured into crushed ice, sodium carbonate solution was added in slight 
‘fexcess .and the insoluble portion removed. The _ filtrate was acidified 
with dilute sulphuric acid, extracted with ether; dried and the solid residue, 
obtained after removal of the solvent, was purified by several crystallisations. 
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from light petroleum. It crystallises in silver white leaflets, m.p. 95-97°. 

(Found: C, 70°6; H, 7°58. CisHa.O. requires C, 696 ; H, 7-24 per cent). 

It is readily soluble in alcohol or ether, sparingly soluble in light petroleum 

' and insoluble in water. Methyleycloheptanol regenerated from the hydrogeu 
phthalate had, b.p. r05-106°/39-40 mm., d,°""*, 0'91338; mp, 1°45737 ; Whence 
[Rz ]v, 382 (calc. 384. (Found: C, 74’6r ; H, 12'49. CsH,.0 roquires 
C, 75°0 ; H, 12°5 per cent. 

4-Methylcycloheptanone.— 4- _Methylcycloheptanol (xo g.), purified 
through its hydrogen phthaldte,. was- dissolved in glacial acetic acid 
(30 c.c.) and cooled in a freezing mixttire. A solution of chromic acid 
(6°8 g.) in water (xo c.c.) was slowly added and the reaction was allowed 
to proceed for ro days at the rooni temperature, the mixture being shaken 
occasionally. It was then diluted with water and extracted with. ether. 
The ethereal solution after washing with sodium carbonate solution was 
dried, the solvent removed and the residue distilled and the fraction, b.p. 

“ r10-12° /55 mm. was collected.. The semicarbazone of the ketone was 
crystallised from methyl alcohol when it melted indefinitely between 151-56°. 
By careful fractional crystallisation of the semicarbazone two samples 
were ultimately separated, one in very large proportion, m.p. 159° (sharp). _ 
(Found: C, 5868; H, 9-14. -C,H,,ON, requires C, so°0r; H, 9°29 per 
cent) and the other in small proportion, m.p. 124°. 

The ketone regenerated from the semicarbazone, m.p. 159°, possesses 
distinct camphoraceous- odour and’ had d,°?, 0’90178; mv*”, 1744385 ; 
whence [R: ]p, 36°8 (calc. 36:95). (Found: C, 75°9; H, 107, CsHO 
requires C, 76°19 ; H, 11°x per cent). 

Attempt to, Synthesise 4-M ethylcycloheptanone-—Ethyl 8-methylcyano- 
succinate was prepared by a modification of the’ method of Bone and 
Sprankling (J. Chém. Soc., 1899, 78, 853) in better yield. Ethyl cyanoacetate 
(1x3g , 1 mol.) was added to 4 well cooled solution of sodium (22 g.) in 300 c.c. 

- of alcohol dried over calcium, when a white pasty sodium compound was 
formed. Ethyl e-bromopropionate (181 g., 1 moi.) was added drop by drop 
with vigorous stirrjng ; the mixture being cooled all the while. The 
‘sodium compound dissolved immediately with evolution of heat 
and the mixture was then heated on a water-bath for 4 hours. The 
solution was filtered from sodium bromide and treated with a little water 
and the alcohol was removed in vacuo. The residue was extracted with 
ether, the ethereal solution fractionally distilled and ethyl e-cyano-f methyl- 
succinate collected at 125-150°/4 mm, and then redistilled at 148-50°/4 mm., 
yield 165 g. (70%). (Found: C,56°08; H, 7°22. CioHisO.N requires C,. 56°33; 
H, 7°04 per cent), 
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Methylsuccinic Acid.—Ethyl a-cyano-8-methylsuccinate (165 g¢.) was re- 
fluxed with 5 times its volume of concentrated hydrochloric acid for 10 
hours until the whole of the oil had disappeared. On cooling no acid 
separated. ‘The solution was evaporated on a water-bath to dryness and 
the solid residue was powdered and repeatedly extracted’ with ether. The 
acid was obtained as a solid mass and then crystallised from benzene, m.p. 
112°, yield 77g (85%). ; 

Ethyl 8-Methylsuccinate.—Methylsuccinic acid (74 g.) was esterified with 
absolute alcohol (294 c.c.) and sulphuric acid (15¢.c.) for 6 hours. The ester, 
isolated in the usual manner, had b. p. 106°/1z mm., yield 93 g. (82%). 

B-M ethyl-a8-butane-diol.—A solution of ethyl 8-methylsuccinate (28 g.) 
in alcohol (200 c.c.), dried over metallic calcium, was quickly poured on 
to thin pieces of sodium (45 g.) from a separating funnel fitted to one 
arm of a Y-tube which was corked to a two litre flask. When the 
temperature had risen sufficiently the sodium was dispersed by shaking 
the contents and then the rest of alcohol (25 c.c.) was gradually poured 
inand the reaction allowed to proceed as vigorously as was consistent with 
safety. The mixture was then refluxed on an oil-bath at 140°. After 
addition of water (14 c.c.) the mixture was refluxed for another 30 minutes. 
It was then cooled in ice and hydrochloric acid (d 1-16, 207¢.c) was 
. gradually poured in. After the removal of sodium chloride formed, the filtrate 
was freed from water and acid by treatment with anhydrous potasssium 
carbonate (225 g.). The alcoholic solution was refiltered from the 
solid and the latter twicé washed with boiling alcohol. The combined 
solutions of alcohol were evaporated under reduced pressure and the residual 
oil fractionated. The giycol (VIII, R=OH) had b.p. 120-22°/8 mm., yield 
10 g. (60%). (Found: C, 57°6; H; 11°6. CsH.202 requires C, 57°7, H, x1°5 
per cent). 

B-Methyl-ab-dibsomobutane.—Pure hydrogen bromide was passed into 
8-methylbutane-ed-diol (22 g.) heated on an oil-bath at 140-45°. With the 
gradual formation of the low-boiling dibromide, the liquid began to reflux. 
The gas was passed (3 hours) until it began to escape freely through the 
condenser. ‘The mixture was taken up in ether and the ethereal solution 
washed -with a little bicarbonate solution and finaily with water. The 
oil obtained from ether was fractionated and the dibromide collected at 
125-28°/55 mm., yield 25 g. (63%). (Found : Br, 69'02. CsH,,Br2 requires 
Br, 69°56 per cent). Itis a heavy colourless oil possessing a sharp and 
unpleasant odour. It gradually darkens on exposure to air and light. 

Condensation of the Dibromide with Sodiomalonic Ester.—To imole- 
cularised sodium (11°5 g.) and dry benzene (249 ¢.c.), placed in a-three-necked . 
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_flask provided with a condenser, a stirrer and a tap-funnel, ethyl malonate 
(80 g.) was added dropwise and the mixture stirred continuously with ice- 
cooling. ‘The mixture after standing in the bath for.x hour was aliowed .to 
attain the room temperature and then heated on a water-bath for 30 minutes , 
so as to complete the reaclion. After cooling it again in ice, the dibromide 
(56 g.) was added drop by drop with vigorous stirring and the mixture was: 
refluxed for 4 hourson a water-bath. The benzene solution was then, 
washed with a little water and the aqueous layer was twice extracted with 

- benzene. The combined benzene extracts were dried and the solvent removed 
in vacuo through a fractionating column. ‘The almost colourless residual 
oil on repeated fractionation separated into two parts: one boiling at 

' 105-115°/40-50 mm. consisting of ethyl malonate and the other, at 120-22° / 
g-iomm.° The latter was ethyl 3-methylcyclopentane-1:1-dicarboxylate. | 
(Found: C, 62°8; H,8'7. Cy2HooV, requires C, 63°15; H, 8°77 per cent). 
Itis a thick colourless oil of peculiar odour. 

3-Methylcyclopentane-1:1-dicasboxylic Acid —Ethyl 3- seca ciueiogen: 
tane-r:1-dicarboxylate (22°8 g.) was hydrolysed with a solution-of potassium: 
hydroxide (15 g.) in water (x5 c.c.) and alcohol (45 c.c.) by refluxing for 4 
hours. ‘The acid; isolated in the usual manner, was freed from traces of oil 
over a porous tile and then crystallised from dry, ether. mp) 117-18° 
(decomp.). It is soluble in water, alcohol and ether. If the, concentrated 
ethereal solution is allowed to evaporate spontaneously, transparent plates, 
are obtained. 

The silver salt of methylcey cloperitane-d icarboxylic acid was 1s prepared i in the 
usual manner. (Found : Ag, 55°87. CsHioO,Age requires Ag, 55°9 per cent). 

3-Methylcyclopentane-1-carboxylic * Acid.— 3-Methylcyclopentane-z:1- 
dicarboxylic acid (8 g.) was heated at 185-200° until the evolution of carbon - 
dioxide had ceased. ‘The residual oily mass was thrice distilled, b. p, 
g2-94°/7-8 mm., yield 3g. Itisa thick coiourless oi] and possesses “an un- 
pleasant odour. The silver salt of 3-methylpentamethylene- -1-carboxylic acid . 
was prepared as usug], purified and then analysed. (Found: Ag, 45°48. ; 
C,H, O.Ag requires Ag, 45°95 per cent). . 

B-Methyladiponitrile—The  «8-dibromo-A- iethyibatane {xo g- . was 
mixed with finely powdered potassium cyanide (5"7 g-) in alcohol (50 c. c.) 3 
and was heated under reflux for1s hours ona steam- bath. Alcohol was 
then removed very carefully under reduced pressure. The dinitrile was 
taken up in ether and the solid residue was also washed with ethér. ‘The 

- dinitrile was then distilled at 140-145°/30-35 mm., yield 8 g. (80%). It was | 

redistilled_ and had b.p. 138-40°/30 mm. (Found: C, 68° ‘7; H, S05. 

C,HiNa requires.C, 68°85; H, 82 percent). ge 
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_ BM ethyladipic Acid. —(i) p- Methyladiponitrile (8 g.) was hydrolysed by 
heating with 6 times its volume of ‘hydrochloric acid for 8 hours. The soiu- 
tion was cooled and the oily layer was taken up in ether, the ethereal sosution 
was extracted with dilute sodium carbonate solution. The alkali washings 
together. with the neutralised mothe1- liquor were evaporated to dryness. The 
residue was just acidified with concenttated hydrochloric acid, cooled and 
extracted four times with ether. From ether a brownish black thick liquid 
was obtained. The last traces of hydrochloric acid were. freed. by eva- 
poration of its aqueous solution four tines and then it. was crystallised from 
a mixture ‘of dry ether and petrol (1: 4), m. p. 89°. 


Gi) A solution (5%).of potassium edie at os g.)in wakes ene ec.) 
was added slowly to 4-methylcyclohexanoi (25 g.) with vigorous stirring 
during 24 hours. and finally the solution was’ warmed ona steam-bath for 
t hour. When the colour of the pefmanaganate had disappeared tle solution: 
was filtered and the filtrate was evaporated to dryness and the residue was 
acidified. The solution together with the solid was extracted with, ether after 
cooling. The residue from ether solidified on keeping in a vacuum desiccator. 
The acid was crystallised from a mixture of dry ether and petroleum 
when a crystalline solid, m. p. 90°, was obtained. Eromi ace g. of alcohol. 
84 g. of the acid were obtained. . 


Ethyl B-methyladipate was prepared i in the usual way and it boiled at 
130-32°/14mm «wt E 2 
3-Methylhexane-i:6- diol—The solution of ethyl (/- methyladipate 
(43°2 g-) in-alcohol (dried over metallic calcium) (200 c.c.) was quickly 
poured over thin pieces of sodium (60 Se)» vigorous” boiling ensued at” “once. 
The mixture was then heated’ in an‘ oil-bath ‘and ‘the ° remaining alcohol 
(400 c. é.)- was ‘introduced as quickly ‘as was consistent with safety. ‘The rest 
of the reaction was ‘carried out under experimental conditions as described 
in the preparation of 8-methyl-oé-butane-diol. It- was obtained as a thick 
colourless liquid, b. p. 158-160°/15 mm., yield 16 g.-(Found: C, 63°46; H, x19. 
C,H,.O, requires C, 63°6 ; H, 12°r per cent), . , 


1:6-Dibromo-3-methylhexane.—Pure and dry hydrogen bromide” was 
passed into the diol which was heated in an oil-bath at 140-45° with a 
reflux. arrangement.. With ‘the gradual formation of the low-boiling 
dibromide the oil began to boil after about 1¥ hours and the heating conti- 
nued for about 3 houts. The’ dibromide in ether was washed successively 
with, dilute sodium bicarbonate soltition and’ water, dried and fractionated, 
b.p. 145-48°/.55-66 mim. iti isa colourless. mobile oil, . yield. 50 g- & did 2 
Br, 61 52, CHuBry réquites Br, 62° or ‘per cent). ay eee bie, 


& 
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3-Methylsuberonitrile.—1:6-Dibromo-3-methylhexane (13 g.) was heated 
with finely powdered potassium cyanide (7'4 g.) in alcohol (75 c.c.) for 
zz hours on a steam-bath After removing the alcohol under reduced 
pressute, the residual oil was taken up in ether and the precipitated 
potassium bromide was thoroughly extracted with ether, the solvent was 
removed and the remaining oil was fractionated. A very small amount 
boiling at 124-26°/55 mm. was identified to be the unchanged dibromide and 
the second fraction, a colourless mobile liquid, b. p. 160-164°/20 mm., was 
the dicyanide. “ This was purified by repeated fractionation, yield 3g: 
(Found: C, 71°8; H, 6x. C.Hi,N, requires C, 72:0; H, 9°3 per cent). 
It had d,*, 09506 ; mo°”, 144886 ; whence [Rulp , 42°67 (calc. 43). 

3- Methylsuberic Acid.—3-Methylsuberonitrile (15 g.) was hydro- 
lysed by boiling with six times its volume of concentrated hydrochloric 
acid for 8hours. The thick oily mass floating on the surface was taken up 
in ether and the ethereal solution was extracted with sodium carkonate 
solution. The alkali-washings together with the neutralised mother-liquor: 
were evaporated to dryness and the acid isolated by ether after’ 
acidification as a thick oil which solidified slowly on keeping in an evacuated 
desiccator. After crystallisation from dry ether it had m.p 146°. [Found : 
C, 571; H, 86. °M. W. (titration), 1875. CyH,,0, requires C, 57'4; 
H, 8°5 per cent. M. W , 188). 

a Methilegelohepianons: —Methylsuberic ‘acid (15 ah was converted 
into calcium salt via its ammonium salt with slaked lime (x2 g.). 
The solution was evaporated to dryness on a water-bath and the dry mass 
was then intimately mixed with iron-filings (ro g.). The mixture was 
distilled m an atmosphere of dry nitrogen. At first the temperature 
was kept low when mainly water distilled over. The temperature was 
then gradually raised to 300-350° when a mobile brownish liquid distilled 
over very slowly, the operation taking about 6 hours. The oil possessed 
the strong odour of peppermint and gave a semicarbazone in methyl 
alcoholic solution. , 

The oily layer of the distillate was taken up iu ether and the ethereal 
solution was dried over anhydrous magnesium sulphate. The cycloheptanone 
recovered from ether was.distilled at 1o5-10°/45-50 mm. and was identified 
by the semicarbazone, m.p. 158-59° after several crystallisations. It did not 
depress the m.p. of the semicarbazone previously described. 

- Dry p-methyleyclohexanone (14 g.), purified through its bisulphite com- 
pound, was added to a solution of diazomethane (7 g.) in dry ether (450 c.c.) 
cooled in ice. “No significant evolution of nitrogen took place even on 
standing for some time at 0°, but on the addition of roo c.c, of methyl 

4 . 
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alcohol, a vigorous evolution of nitrogen began. After two hours the 
reaction was almost complete and the mixture was allowed to stand at the 
room temperature. The nearly colourless solution became colouriess after 
2 days. The solution was then freed from a slight Nocculent precipitate, 
ether was removed and the mixture of ketones was converted into semi- 
carbazones, which melted at 140-45°. The non-ketonic product “was 
taken up in ether. After -repeated crystallisations from methyl alcohol 
the semicarbazone had m.p. 157-59° and did not depress the m.p. of the 
‘semicarbazone of methylcycloheptanone described previously. The yield 
of the ketone by this method appears to be fairly satisfactory. 

Our grateful thanks are due to Sir P. C. Ray for the award of a fellow- 


ship to one of us (S.K.G.) during the tenure of which this work was 
completed. 


-- ORGANIC CHEMISTRY LABORATORY, 
PRESIDENCY COLLEGE, CALCUTTA, Received October 5, 1939. 
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C-ALKYLRESORCINOLS. PART IV. NUCLEAR METHYLATION 
OF 4-ACYLRESORCINOLS. 


By H. A Sgman anp R. C. San. 


The nuclear methylation of various 4-acyl-resorcinols, viz., respropiophenone, 
resbutyrophenone, 2 -4-dihydroxyphenylbenzy! ketone and 2 -4-dihydroxybenzophenone 
has been studie.!. 


Respropiophenone ‘on nuclear methylation affords 2-hydroxy-3-methyl-4 methoxy- 
propiophenone, demethylation of which affords 2 4-dihydroxy-3-methylpropiophenone 
which is identical with the ketone prepared by the application of the Hoesch reaction 
to 2-methylresorcino] and propionitrile. Kostanecki acetylation of the nuclear methylated 
ketone affords 7-methoxy 2 :3 8-trimethylchromone. Similarly the nuclear methylation 
of the other 4-acylresorcinols has been studied 


In connection with our work on ‘‘y-substitution in the resorcinvl 
nucleus’? (Shah and Shah, J. Chem. Soc., 1939, 132, 300, 949) it was found 
necessary to synthesise 2-methyl-q-alkylreso.cinols by an unambiguous 
method. It was thought of interest to investigate the nuclear methylation 
of various 4-acylresorcinols, viz., respropiophenone, resbutyrophenone, 2:4- 
dihydroxyphenylbenzyl ketone and 2:4-dihydroxybenzophenone. 

Respropiophenone on nuclear methylation by the method of Robinson 
and Shah (J. Chem. Soc., 1934, 1491) affords a ketone whose constitution 
as 2-hydroxy-3-methyl-4-methoxypropiophenone (I, R=C.H;) has been es- 
tablished as follows : (i) The ketone (I, R=C.H,) on demethylation affords 
2:4-dihydroxy-3-methylpropiophenone, identical with the compound obtained 
by the Hoesch reaction on 2-methylresorcinol and propionitrile. Kostanecki 
acetylation of the ketone (I, R=C.H;) with sodium acetate and acetic anhy- 
dride affords 7-methoxy-2:3.8-trimethylchromone (II, R’/=CH,), whose 
constitution is established by its hydrolysis with alkali to 2-hydroxy-3- 
methy]-4-methoxypropiophenone and 2 hydroxy-3-methyl-4-methoxybenzoic 
acid (Shah and Laiwalla, J. Chem. Soc., 1938, 1828, Perkin, ibid., 1895, 
87, 993)- 
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‘.. Resbutyrophenone similarly affords 2-hydroxy -3 -methyl-4-methoxy- 
butyrophenone (I, R=C;H;), demethylation of which gives 2:4-dihydroxy-3- 
.4nethylbutyrophenone, identical with the ketone. prepared from 2-methy]- 
resorcinol and butyronitrile. Kostanecki acetylation of the ketone.(I, R= 
C;H,) ‘with sodium acetate’ and acetic anhydride affords “‘7-methoxy-2:8- 
dimethyl-3-ethylchromone (II, R=C,H;) -whose constitution has . been 
established by its alkaline hydrolysis to 2-hydroxy- 3-methyl-4-methoxybutyro- 
phenone, and 2-hydroxy-3-methyl-4-methoxybenzoic acid. 
2:4-Dihydroxyphenylbenzyl ketone similarly affords 2-hydroxy-3- 
methyl-4-methoxyphenylbenzyl ketone (I, R=CH.Ph), demethylatian of 
which- gives. 2:4-dihydroxy-3-methylphenylbéenzyl ketone, identical with -the 
ketone prepared from 2-methylresorcinol ‘and, benzyl cyanide. The ketone 
(I, 'R=CH,Ph) ‘on Kostanecki acetylation . gives Pers: 8- dunstayl 
isoflavone (II,.R/=Ph). 

Kostanecki and Tambor (Ber., 1895, 98, 3308) spiainea by the annie 
methylation’ of 2:4-dihydroxybenzophenone  .2:4-dihydroxy-3-methylbenzo- 
phenone and 2-hydroxy-3-methyl-4-methoxybenzophenone. ‘The same subs- 
tances were prepared by Jones and Robertson (J. Chem. Soc., 1932,. 1689) 
by the Hoesch-reaction of 2-methykesorcinol and benzonitrile and -subse- 
quent methylation of the ketone obtained. Kostanecki and Tambor (loc. cit.), 
however, have‘given no experimental details.. We have isolated on nuclear 
methylation of 2:4-dihydroxybenzophenone only 2-hydroxy-3-methyl-4-me- 
thoxybenzophenone, demethylation of which affords 2:4-dihydroxy-3-methyl- 
benzophenone, identical with the compotnd prepared by. Jones and Robertson. 
Acetylation of a-bydroxy-3-methy!-4-methoxybenzopifenone affords 7-me- 
thoxy-4-phenyl-8-methyleoumarin. Pe ‘A er 


<< . EXPERIMENTAL. 

mk, a-Hydroxy-3-methyl-4- methoxypropiophenone (I, R=C.H;). — Potassi: 
uth hydroxide (27°5 g., 4 mols.) was dissolved ‘in methanol - (110 c. c.) 
and respropiophenone (20 g.) was added. The mixture was cooled’ in a 
freezing mixture and methyl-icdide (857 5855 mols.) was added. all at orice 
with shaking. If two layers separated ‘homogentity « was restored by the 
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addition of more methyl alcohol. The temperature was then gradually 
allowed to rise, when potassium iodide separated. Next day the mixture was 
refluxed for 6 hours. The methanol was removed and the dark solid residue 
was acidified and filtered. . It. was then macerated with sodium, hydroxide 
solution (200 2.c., 5%). The insoluble 2-hydroxy-4-methoxy-3-methyl- 
propiophenone crystallised from alcohol in colourless slender pointed needles 
(52 g.), m. p. 73-79°. (Found: C, 68's; H, 72. CyyHi.O5 requires C, 68'0; 
-H, 74 per cent). It is insoluble iti alkali and gives a reddish brown coloura- 
tion with alcohclic ferric chloride. - 

Demethylation of 2-Hydroxy-4-methoxy-3-methylpropiophenone.—(i) A 
mixture of 2-hydroxy-4-methoxy-3- methylpropiophenone (1 g.) and. 
aluminium chloride (2.¢.) was heated at 135-40° for 3 hours, ice and 
hydrochloric acid were added and the insoluble. solid collected. It was 

- treated with scdium-hydroxide solution (soc.c., 5%) and filtered. The — 
alkaline solution on acidification gave the ketone, 2:4-dihydroxy-3-methyl- 
propiophenone, which crystallised from water in rosy needles, m. p. 128-30°. 
It did not depress the m. p. when mixed withasample of 2:4-hydroxy-3- 
methylpropiophenone prepared by the application of the Hoesch reaction 
to 2-methylresorcinol and propionitrile. 

_. (ii) 2-Hydroxy-4-methoxy-3-methylpropiophenone (z g.) was dissolved 
in acetic anhydride (10 c.c.) and hydriodic acid (d 1°7, 20 c.c.) added 
-drop by.drop. The reaction mixture was refluxed at 130-40° for 2 hours. 

' It was poured into. a saturated solution of sodium bisulphite (200 c.c.) 
azid the yellow solid-which separated out was crystallised from water, m.p. 

' 128-20°, yield 0°6 g. 

7-Methoxy-2 : 3:.8- Sustains (II, R! =CH 3) —A mixture of 

a-hydroxy-3-methyl-4-methoxypropiophenone (1 g.), sodium acetate (3 g.) 
and acetic anhydride (20. c.c.) was heated at 175-85° for8 hours. The 
reaction mixture was poured into water (500 c.c.). The chromone crys- 
tallised from dilute alcohol in colourless slender needles, m.p. 69-70°, yield 
o'5.g. (Found .C, meee H, 67. Cy3Hj.03, H.0 requires C, 66°1, H, 6°8 
per cent). 

Hydrolysis pis 7- Mothouy: -2: 3: 8-trimethylchiomorne.—A mixture of 
the chromone (o’5 g.)’ and sodium hydroxide solution (30 c.c., 5 %) was 
refluxed on a sand-bath for 3 hours. On cooling a-substauce separated out 
as colourless, -wooly needles, which were identified as 2-hydroxy-3- «nethy!- 

4-methoxypropicphenone by direct comparison. The alkaline solution 
was acidified and the precipitated acid purified by treatment with sodium 
bicarbonate. The acid was identified as a-hydroxy- 3-methy1-4- -methoxy- 
benzoic acid (Perkin, loc. cit.) by direct comparison. 
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2-Hydroxy-3-methyl-4-methoxybutyrophenone (I, -R=C,H,).—A solu- 
tion of resbutyrophenone (22 g.) in methyl alcoholic potash (28 g. of caustic 
potash i in 112 c.c. of methanol) was cooled to 0° and - methyl iodide (88 g.) 
added all at once with shaking. Next day the reaction mixture was refluxed 
for 6 hours, filtered from the insoluble potassium iodide and kept ina 
frigidaire for 2 days. The yellow crystalline solid: that separated out was 
washed with sodium hydroxide solution (100 “c. C., 5%). It crystallised 
from alcohol in colourless rectangular plates, m.p. 82-84°, yield -6¢. 
ae C, 69°0; H, 7°8. Cy2H,O, requires C, 69°7 ; H, 8°2 per cent!. 
: 4-Dihydroxy-3-methylbuty 1 ophenone. —A mixture of the ketone 
(x2. \, acetic anhydride (10 c.c.) and hydriodic acid (20. c. c. ) was refluxed 
at 125-35° for 2 hours. The reaction mixture ‘was’ poured into a saturated 
solution of sodium ‘bisulphite (200 c.c.). The solution was extracted with 
ether, the extract washed with aqueous sodium hydroxide (50 c.c., 5%). The 
alkalitie solution on acidification gave 2 > 4- -dihydroxy- g-methylbutyrorhe- 
none which crystallised from water as straw- coloured -needles, m.p. 155-£7°, 
yield o'4g. It did not depress the m.p. of a sample prepared by the 
application of the Hoesch reaction fo 2-methylresorcinol and butyronitrile. 
7-Methoxy -2 : 8-dimethyl-3-ethylchromone (II, R’ =C,H,).—A mixture 
of 2-hydroxy-3-methyl-4-methoxybutyrophenone (2 g.), Sodium’ acetate-(5 g.) 
and acetic anhydride -(30 c.c.) was refluxed at 180-85° for 8 hours. ‘The 
reaction mixture was poured into water (300 c.c.) and the brownish red 
oil, which separated, was washed with soditim bicarbonate. It distilled at 
173°/6 mm. as a yellow oil which- solidified on cooling. It crystallised 
from alcohol in colourless rectangular prisms, m.p. 43- 45°. (Found : 
c: 6985, H, 7°4. CuHisOs, H.0 requires C, 67°2, H, 7°2 per cent). 
Hydrolysis of 7- -Methoxy-2 : 8-dimethyl-3- ethylchromone. —The hydro- 
lysis was carried out as in the case of 7-methoxy-2 : 3: 8-trimethylchromcne, 
The products," a-hydroxy-3- methy|-4-methoxybutyrophenone and 2:4-dime- 
thoxy- g-methylbenzoic acid, ‘were identified. _ : 
2-Hydroxy- 3-methyl-4-methoxyphenylbenzyl Ketone (I, R= CH.PH’. —_ 
A solution of 2:4- -dibydroxyphenylbenzyl | ketone (20 g.) in methyl alcaho- 
lic. potash (from 20g. of caustic. potash | and 80 c.c. of methanol) was 
cooled to o° and methyl iodide (62 g.) was added all at once with ‘shaking. 
Next day the reaction mixture was refluxed for 6 hours. Methanol was 
removed and the dark brown solid was macerated-with sodium hydroxide 
solution (200 c.c., 4%). ‘The, insoluble 2-hydroxy-3-methyl-4-methoxy- 
phenylbenzyl ketone crystallised from alcohol in colourless prisms, m.p. 
rxo-11°, yieldxo g. (Found: C, 75°: ; H, 6°3. CieHioOs requires C, 75'0; 
H, 6*3 percent). - Pad : 
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: 4-Dihydroxy-3-methylphenylbenzyl Ketone.—A mixture .of . the 
ree rneeele ketone (3 g.), acetic anhydride (20 ¢.c. ) and hydriodic. ‘acid: : 
(3b c.c.) was refluxed at 125-35° for 2 hours. The reaction: mixture - ‘was. ° 
poured into a saturated solution- of sodium bisulphite (200 c.c.) and the. 
yellow solid was crystailised from benzene (charcoal) as colourless needles,, 

m.p. 157-59°, yield 1°8 ¢.- - The m.p., after admixture with’ a specimen- 
prepared by. the application of Hoésch reaction- to 2- mety cere) and 
benzyl cyanide, was not depressed. ; 

7-Methoxy-2 : 8-dimethylisoflavone (r, “RY =Ph). —-A- mixture: of 2- 
hydroxy-3- methyl- 4- -methoxyphenylbenzyl ketone (3-g.), sodium acetate 
(6 g.) and acetic anhydride (30 c.c.) .was refluxed at 175-85° for 8 hours. 
The reaction mixture was poured into water (300 c. c.). The isoflavone . 
crystallised from dilute methanol in-.colourless needles, m.p. 140-42°, 
yield r'5g. (Found: C, me ; H, 5°6. CisHicOs requires C, 77°13 H, 5°7 
per cent). , 
a-Hydroxy-3-methyl-4- inethaeybengéphanine: —A solution of 2: 4odi- 
hydroxybenzophenone (20 g.) in methyl alcoholic potash (21 g. of caustic 
potash in 84 c.c. of methanol) was cooled to o° and methyl iodide (66 g.) 
was added. ‘The product was isolated in the usual manner. 2-Hydroxy- 
4-methoxy- 3- jethylbeuzopheqoue crystallised from alcohol in yellow rec- 
tangular prisms, m.p. 125°, yield 6g. Jones and Robertson (loc. cit.) 
give m.p. 125°. 

a: 4-Dihydroxy: 3° sualiejtbanacphence Oe mixture of the nisin 
ketone (1 g.), acetic anhydride (xo c.c.) and hydriodic acid (15 ¢.c.) was 
refluxed at 125- 35° for 2 hours. The mixture was poured into a saturated 
solution of sodium bisulphite (200 ct.) and the reddish yeliow solid.was 
crystallised from dilute alcohol, m.p. 177°, yield o'6 g. Jones and Robertson 
(loc. cit.) give m.p. 177°. 

7-Methoxy-4- phenyl- SS nieinaaei = mixture of 2- hy droxy-d 
methyl-4-methoxybenzophenone (x. g. ), sodium ‘acetate (2 g.).'and acetic 
anhydride (20 c.c.) was-refluxed at 180-90° for x. hour. The teaction 
mixture was poured into water (300 c.c.). - The coumarin. crystallised from 
dilute alcoliol in colourless slender needles which changed. ‘into, prisms, 
m.p- 94-95°, yield 0'5 g. ot C, 73°93 -H, 5'7. CuHuOs, H,0 requires 
, 71°83; H, 5°6 per cent). - ag 
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PECHMANN CONDENSATION..OF METHYL ¢-RESORCYLATE 
WITH.SOME f-KETONIC ESTERS..." .. ; .. 


ag By S. M. SerHna AND R. C. Guan, +i + + * “ 


Methyl Beresorcylate has bee condensed with ethyl! sie and- a- “benzoyl aceto, 
acetates and with- ethyl acetone dicarboxylate in the presence of sulphuric a acid. The 
results obtained show that as in thé condensation of methyl ‘B-resorcylate with ethyl 
a-alkyl- -acetoacetates, ‘the 4-carbomethoxy group in the resorcinol “ “nucleus has only little 
retarding influence on the Pechmann condensation. ; 


-In continuation of the previous work - (J. Indian Chem. Soc, 1937, “iis, 
717°; 1938, 18, 383) methyl B- resorcylate has heen condensed with ethyl 
a-chloro- and ethyl «- benzoylacetoacetates and with ethyl acetone dicarboxy- 
late. The products obtained have been found to- -be-methyl- 7-hydrox xy> 
3-cliloro-4-methylcoumarin-6-carboxylate (I; R= *Me), methyl 7-hydroxy- “4- 
phenylcoumarin-6-carboxylate -- -(; R=Me) and ae 7-hydroxy-6-carbo- 
methoxycourharin-4-acetate (III, R=Me, R’=Et).- > se ite} 

._ In the case-of ethyl. -benzoylacetoacetate ' the acetyl | group.” is split 
off in the course, of the reaction as observed by eaneree and Hanke 
(Ber., 1901, 8, 386). © ee 

- The constitution of the coumarin esters (I and I, Ro ie) hee ‘beert 
proved by hydrolysis to the corresponding acids (I and II, R=H) and subse- 
quent decarboxylatioh of the. acids.’ The decarboxylated products have 
been proved to be identical with authentic specimens ‘of 7-hydroxy-3-chloro- 
4-methylcoumarin aud 7-hydroxy-4-phenylcoumarin, prepared from-resor- 
cinol and ethyl a-chiloro-'and ethyl a-benzoylacetdacetate. : - 

On hydrolysis, the couinarin - ester (III, R=Mé; R’ =H) gives ihe 
known 7-hydroxy- 4-méthylcoumarin-6-carboxylic . “adi: (Shah etviels,-J. 
Indian Chem: Soc, 1937, 1%, 717) instead of:7- shy arcay-- ideas 
4-acetic acid ar R=H; R’=H). - ‘ 

The results.. obtained show in agreement with. our- previous. Sark 
(loc. “cits ).on-the. condensation of. methyl B-resorcylate with ethyl o-alkyl- 
acetoacetates that the 4-carbomethdxy group'in the resorcinol ; panelens Ae 
only little retarding influence on the Pechinant condénsation.”*_- - 
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EXPERIMENTAL. 


Methyl 7-H ydroxy-3-chloro-4-methylcoumarin-6-carboxylate (I, R=Me). 
—To a mixtuze of metliyl A-resorcylate (5 g.) and freshly distilled ethyl 
a-chloroacetoacetate (5 g.) sulphuric acid (80%, 45 cc.) was added with 
shaking. After keeping the reaction mixture for 20 hours it was added to 
cold water. The product was washed w ith © sodium bicarbonate solution 
and crystallised from’ rectified spirit in colourless glistening needles 
(o'5 g.), m.p- 218-20°. (Found: C,53°7; H, 34. Cy.H,O;Cl requires 
C, 53°6; H, 3°4 per cent). 

The acetyl derivative, prepared as usual by refluxing the ester with 
acetic anhydride and pyridine, was -crystallised from: rectified spirit i in 
‘ needles; m.p. 169-70°. (Found: C, 54:2; H, 3-6. aes requires 
C, 54°13 H, 3:5 per cent). - - 

The methyl ether, prepared by refluxing the acetone solution of thé 
ester (0-2 g.) with fused potassium carbonate (0-5 g.) and methyl iodide 
(3.c.c.) for 20 hours, was crystallised’ from rectified spirit in needles, 
m.p, 218-19°. (Found: C, 55-3; H, 3:8. CisHu05Cl pan G 55°2 : 
’ H, 3°9 per cent). . 

7-Hydroxy- vbr mathleounarin cartes Acid (I, R&H).— 
The ester (0-5 g.) was shaken up with sodium hydroxide (10%, 15 c.c.) 
and kept overnight. - The next day the solution -was acidified -with hydro- 
chloric acid and the acid crystallised from rectified spirit in shining 
needles, m.p. 265-67° (efferv.). (Found: C, 48-8; H, 3:3. CuH,0,Cl, 
H29O requires C, 48-4 ; H, 3 3°3 per cent). : 

The acid (o-x g.) was décarboxylated by heating in a “Sealed ibe with 
water (x5 c.c.) for g- houis at x180-g0°. ‘ The product crystallised 
from ‘dilute alcohol in needles, m.p. 240°. Mixed m.p. with an authentic 
specimen of 7-hydroxy-3-chloro-4-methylcoumarin, obtained. from. resorcinol 
and ethyl a-chloroacetoacetate, was not depressed. Pechmann and Hanke 
‘(loc. cit.) give m.p, 236°. a 

Methyl 7-hydroxy-4-phenylcoumarin-6-carboxylate (11, R=Me). 53 
inixtiste of methyl B-resorcylate (5:g.)‘and ethyl a-benzoylacetoacetate (6 g.) 
sulphuric acid (80%; 25 c.c.) was’ added gradually with shaking. After 
keeping for 45 hours the reaction mixture was added to cold water. The 
oily mass which separated partially solidified-on keeping i in a frigidaire for 
2 days. It wes filteted, treated with sodium bicarbonate solution and the 
insoluble -porzion crystallised from rectified spirit in pale green’ néedles 
(o-8 g.), mp. 200-1°, (Found = ¢, 68:6; H, 4:0. Ci{H,,0; requires 
C, 689 3 Hy 4-1 per tent). an ; 
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The -acetyl derivative crystallised from rectified spirit in needles, 
m.p. 160-61°. (Found: C, 67-6; H, 4:2°° CisHi,O. requires C, 67-53 
H, 4:1 per cent). ~~, : B . 

7-Hydroxy-4-phenylcoumarin-6-carboxylic Acid (HW, R=H).—The 
sodium bicarbonate solution from above was acidified with hydrochloric 
acid and the product ‘ctystallised. from rectified spirit in pale green 
tiny needles (0-2 g.), m.p. 285°. (Found: C, 67-7; H, 3:7. CisHOs 
requires C, 68:1; H, 3-5 per cent). Theacid canalso be obtained by 
keeping the ester with 10% sodium hydroxide solution, for about 60 hours. 

The acid was decarboxylated by, heating in a sealed tube with water 
as usual. ‘The product was treated with sodium bicarbonate solution 
to remove undecarboxylated acid. .The insoluble portion crystallised from 
rectified spirit in thin plates, m.p. 242-44°. Mixed m.p. with an autheutic 
‘specimen of 7-hydroxy-4-phenylcoumarin was not depressed. Pechmann 
and Hanke (loc. cit.) give m.p. 243-44°. 

Ethyl 7-hydroxy-6-carbomethoxycoumarin-4-acetate (III, R=Me; 
R/=Et).—To a mixture of methyl A-resorcylate (5 g.) and ethyl acetone 
dicarboxylate (6:1 g.), sulphuric acid (80%, 45 c.c.) was added with stirring 
and after keeping for 20 hours the reaction mixture was added to cald 
water. The product was treated with sodium bicafbonate solution, 
‘The insoluble portion crystallised from rectified spirit,in glistening needies — 
(o-7, g.), m.p. 194-96°. (Found: C, 58-2; H, 4-4. CisHi,0, requires 
C, 58-93; H, 4:6 per cent). ; , 

The acetyl derivative was crystallised from dilute alcohol in needles, 
m.p. 148-49°. (Found: C, 58-5; H, 4-3. CivHieOs requires C, 58-6; 
H, 4-6 per cent). : ° . ~% 

7-H ydroxy-6-carbomethoxycoumarin-4-ace tic Acid (III, R=Me; R'=H). 
—The sodium bicarbonate solution from above was acidified with hydro- 
chloric acid and the product obtained was crystallised from rectified spirit 
in clusters of tiny needles (x g.), m.p. 184-86° (efferv.). (Found : C, 56-3; 
H, 3°6. CisH.O, requires C, 56-1; H, 3-6 per cent). 

‘The acid on decarboxylation by heating to its melting point till the 
effervescence ceased gave methyl 7-hydroxy-4-methylcoumarin-6-carboxylate 
(Shah et al., loc. cit.), m.p. and mixed m.p. 212-14°. 

Hydrolysis of Ethyl 7-Hydroxy-6-carbomethoxycoumarin-4-acetate.—The 
ester (o'r g.) was heated in a boiling water-bath for 25 minutes with 
sodium hydroxide (5%, xo c.c.) and the solution was acidified. The 
product was crystallised from rectified spirit in tiny needles, m.p. 285°, 
mixed m.p. with 7-hydroxy-4-methylcoumarin-6-carboxylic acid (Shah 
ef al., loc. cit.) was not depressed. - 
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2. Attempts ‘were made-to, hydrélyse >the -ester by.’ keepingtin. contact with 
cold;‘sodium~ hydroxide for’ 30-40. hours, -but -the. desired’ acid. 7-hydroxy- 
6-carboxycoumarin-4-acetic acid could not be eben: 7 ByCeORT-Ae Us 
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FURANO COMPOUNDS. PARTI. SYNTHESIS OF FURO.3’. 
METHYL-5 :6 (4’:5’)-COUMARIN AND FURO-3’-ETHYL-5 :6 
(4’ :5’)-COUMARIN. ; 


By H. A. Swau anv R. C. Soa. 


, Ethyl 5-hydroxy-6-acetylcoumarini-3-carboxylate on condensation with ethyl bro- 
moacetate affords ethyl  3-carbethoxy-6-acetylcoumarin-5 -O- acetic ester, which on 
subsequent hydrolysis and rmg-closure affords furo-3’-methyl-5 :6 (4 :5°)-coumarin-3-car- 
boxylic acid. The foregoing acid on decarboxylation affords furo-3’-methyl-5 :6 {4° :5*)- 
coumarin. Similarly furo-3’-ethyl-5 :6 (4 :5‘)-coumarin was synthesised starting from 
ethyl 5-hydroxy-6-propionylcoumarin-3-carboxylate. 


Furocoumarins, derived from 5-hydroxycoumarin, are not known with 
the exception of 3:4/-dimethyl-5’:6'-furocoumarin synthesised by Kelkar and 
Ranade (Rasayanam, 1938, 1,151) by condensation of 5-hydroxy-6-acetyl- 
4-methylcoumarin (Sethna, Shah and Shah, J. Chem. Soc., 1938, 228) with 
ethyl bromoacetate, subsequent hydrolysis and ring-closure. However, furo- 
coumarins, unsubstituted i in, the 4-position, cannot be orca: prepared by 
this method. * 

Asa part -of the comprehensive investigation of the synthetical possi- 
bilities of 2:4-dihydroxy-3-formylacetophenone (Shah and Shah, J. Chem. 
Soc., ty39, 132 and subsequent papers) and other ketone-aldehydes, we have 
synthesised ftro-3/- pey -5:6-(4':5')-coumarin and furo-3/-ethyl-5:6(4':5')- 
coumarin. 

Ethyl itiehereacvitnatid Satori (I, R=Me; R/=Et) 
(Shah and Shah, loc. cit.), now prepared by the esterification of 5-hydroxy-6- 
acetylcoumarin-3 carboxylic acid, on condensation with ethy] bromoacetate 
in acetone soiution in presence of potassium carbonate affords ethyl 3-car- 
bethoxy-6-acetylcoumarin-5-O-acetic ester (Il, R= Me; R/=Et). On hydro- 
lysis with dilute alkali (Il) gives 3-carboxy-6-acetylcoumarin-5-O-acetic 
acid (Il, R=Me ; R’=H), which on treatment with sodium acetate and 
acetic anhydride -affords furo-3/-methyl-5:6(4':5')-coumarin-3-carboxylic 
acid (III, R=Me; R'=H). On decarboxylation with a a and copper 
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bronze 'IfT)gives furo-3!-methyl-5:6 (4/:5')-coumarin (IV, R=Me}. The syn- 
thesis of the furocoutharin incidentally establishes the structure assigned to 
ethyl 5-hydroxy-6-acetylcoumarin-3-carboxylate on account of its positive 
ferric chloride reaction (Shah and Shah, loc. czt.), 

Similarly from ethyl 5-hydroxy-6-propionylcotimarin-3-carboxylate 
(I, R=Et; R’=Et) furo-3/-ethyl-5:6(4/-5/)-coumarin (IV, R=Et) has been 
synthesised through the stages: ethyl 3-carbethoxy-6-propionylcoumarin-s5- 
O-acetic ester -(II, R=R’=Et), 3-carboxyl-6-propionylcoumarin-5-O-acetic 
acid (II, R= Et; R’=H), furo-3/-ethyl-5:6 (4/:5’)-coumarin-3-carboxylic acid 
(II, R=Et; R’/=H). 


EXPERIMENTAL, 


Ethyl 5-Hydioxy-6-acetylcoumarin-3-carboxylate (I, R=Me; R’=Et).— 
A mixture of 5-hydroxy-6-acetylcoumarin-3-carboxylic acid (Shah and 
Shah, loc. cit.) (13 g.), ethyl alcohol (260 c.c.) and concentrated sulphuric 
acid (x5 c.c.) was heated under reflux for 18 hours. The reaction 
mixture was cooled and the straw-colfoured solid separating was filtered 
and washed with aqueous sodium bicarbonate to remove the unchanged 
acid. The product crystallised from alcohol in ‘straw-coloured plates (12 g.), 
m. p- 155-56°. Shah and Shah (loc. cit.) gave m. p. 155-56°. 

Ethyl 3-Carbethoxy-6-acetylcowmarin-5-O-acetic Ester (II, R=Me; 
R/=Et).—The coumarin ester (5 g.), ethyl bromoacetate (5 g.) and fused 
potassium carbonate (5 g.) in acetone (300 c.c.) were heated under reflux 
for 18 hours, the solution filtered and the residue washed thoroughly with 
acetone (so c.c.). Acetone and excess of ethyl bromoacetate were removed 
in a current of air and the solid obtained crystallised from alcohol as pale 
yellow clusters of needles, m.p. 113-15°. (Found: C, 59°77; H, 5:0. CisHisO 
requires C, 59°7; H, 5:0 per cent). ; 

3-Carboxyl-6-acetylcoumarin-5-O-acetic, Acid (II, R=Me; R’/=H).— 
A suspension of the preceding compound (1 g.) was hydrolysed mm 4% 
sodium hydroxide solution (20c¢ c.) by heating on the steam-bath for 30 
minutes, 3-Carboxy-6-acetyltoumarin-5-O-acetic acid, isolated by acidifi- 
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éation, was crystallised from hot water in colourless wooly needles (06 g.), 
m.p. 189-91° (decomp.). (Found: C, 55:2; H, 373. CisHieOs requires C, 54°95 
H, 3°3 per cent). It is easily soluble in alcohol and hot water. 


Furo -3/-methyl-5:6(4!:5/)-coumarin-3-carboxylic Acid (III, R=Me; 
R/=H).—A mixture of the foregoing acid (0’5 g.), fused sodium acetate 
(5 g.) and acetic anhydride (20 c.c.)- was heated under reflux for 2 hours. 
The reaction mixture was poured into water (200 c.c.) and the precipitated 
pale yellow solid collected and crystallised first from dilute alcohol and then 
from water in tiny shining pale yellow needles (0°3 g.), m-p. 226-28° 
(decomp.). (Found: C, 63°6 ; H, 3°4. C,;H,O; requires C, 63°90 ; H ; 3°3 per 
cent), It is easily soluble in alcohol and sparingly in water, 


3/-Methyl-5:6(4':5') -furocoumarin (IV, R=Me).—The foregoing: acid 
(02 g.) was boiled with quinoline (10 c.c.) containing copper bronze (0° 58. ) 
for 45 minutes. The filtered solution was mixed with an excess of dilute 
hydrochloric acid and extracted with ethet, the extract washed with aqtieous 
sodium bicarbonate and evaporated. ‘The residual furo-3'-methyl-5 :6(4/:5’)- 
coumarin was crystallised from hot water in colourless wooly needles, m.p. 
138-40°. (Found: C, 71°7; H, 4°2. C,2H,O; requires C, 72°0; H, 4'0 
per cent). It is insoluble in cold sodium hydroxide solution. 

Ethyl 5-Hydroxy-6-propionylcoumarin-3-carboxrylate (I, R= Et ; R’/=Et). 
—A mixture of 5-hydroxy-6-propionylcoumarin -3-carboxylic acid (6 g.), 
ethy! alcohol {z00 c.c.) and concentrated sulphuric acid (6 c.c.) was heated 
under reflux for 18 hours and the ester isolated as before and crystallised 
from alcohol in straw-coloured slender pointed needles, m. p. 152-54°. 
(Found: C, 62°0; H, 5°0. C,;H,,0, sequires C, 62°14; H, 4°8 per cent). 

Ethyl 3-Carbethoxy -6 -propionylcoumarin-5-O-acetic Ester (R = Et; 
=Et).—The coumarin ester (5 g.), ethyl bromoacetate (5 c.c.) and 
potassium carbonate (5 g.) in acetone (200 c.c.) was heated under reflux for 
18 hours, the solution filtered and the residue washed thoroughly with 
acetane (so c.c.). Acetone and excess of ethyl bromoacetate were removed 
in a current of air and the solid obtained crystalliséd from alcohol as 
colourless clusters of needles (2 g.), m. p. 103-5°. (Found: C, 60°7; H, 5°4. 
CysH 2.0, requires C, 60°6; H, 5°3 per cent). 
3-Carboxyl-6-propionylcoumarin 5-O-acetic Acid II, R= Et; R/=H).— 
A suspension of the preceding compound (zg.) in 4% sodium hydroxide 
solution (20 c.c.) was heated on the steam-bath for 30 minutes. The acid, 
isolated with dilute hydrochloric acid, was crystallised from hot water in 
colourless needles (0'5 g.), m-p. 194-96°. (Found: C, 56°3.; H, 3°8. CysH,20, 
requires C, 56°3 ; H, 3°8 per cent). i 2 
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_ Furo ~ 3/-ethyl-5:6 (4!:5')-coumarin-3-carboxylic Acid -(III, - R=Et; 
R/=H).—A mixture of the- foregoing acid (0's g.), fused sodium acetate 
(2°5 g.) and acetic atthydride (20 c.c.} was heated under reflux for 1 hour 
and the separated yellow solid collected. It crystallised from water ° 
containing a few drops of alcohol in shining, slender, yellow needles, 
m.p. 157-58°. (Found: C, 61°0; H, 4°50. Cy.Hi90s, H,O requires C, 60°9 
H, 4°4 per cent). .% 

_ Furo-3/-ethyl-5:6(4!:5')-coumarin (IV, R=Et).—The foregoing acid 
(o'2 g.) was boiled with quinoline (10 c.c.) containing copper bronze (0'4 g.) 
for 45 minutes. The filtered solution was mixed.with an excess.of dilute 
hydrochloric acid and extracted with ether, the extract washed with aqueous 
sodium bicarbonate and evaporated. he residual furocoumarin crystallised 
from hot water in colotirless wooly needles, m.p. 150-52°: (Found: C,’ ja 5: 
H, 4°90. CisHipOs requires C, 72°09; H, 4'7 per cent). — 
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NATURAL FLAVONES. PART IV. _ ON THE CONSTITUTIGN 
OF ERIANTHIN, THE- YELLOW COLOURING MATTER 
OF BLUMEA ERIANTHA DC. 


By PraFuLLA Kumar Bose AND PHanrBHuSAN Durr. 


. Erianthin, the yellow colouring matter of Blumea eriantha DC., has been shown 
to be 5 ‘7dihydroxy-3 :6 :8 33° :4'-pentamethoxyflavone. 


Blumea eriantha DC (N. O. Compositae), a native of Western India, 
has only a restricted use in Indian medicine. ~ A warm infusion of the plant 
is given as a sudorific in catarrhal affections. It is also considered to be 

: diuretic and emmenagogue. Dymock, Warden and Hooper (Pharmacogra- 
phia Indica; Vol. II, p. 254) reported the presence of the following consti- 
tuents in the plant : chlorophyll, a dark acid resin, tannin (trace), a volazile 
oil, a wax and a crystalline, yellow, nitrogen-free compound, m.p: 155°. 
The colour reactions and the behaviour of the last compound towards acids 
and alkali were also recorded by'them. ° eee 


The essential oil of B. eriantha has been the sabicnt ofa recent investi- 
gation (Schimmel’s Report, 1937, p. 8; cf. also Amn and Patel, Proc. Indian 
Science Congress, - 1936, p. 200). It contains 95% ketones, the chief cazis- 
tituent.of which is d-carvotanacetone. ; 


‘The present communication deals with thé isolation- and examination 
of the colouring matter mentioned above. By the method -described in -he 
Experimental we have been’ able to obtain itin a yield not exceed ng 
0°03 %. The crude substance melted at 154°, but on careful purifica- 
“tion the m.p. rose to 161°. The properties of this compound agreed with 
those of Dymock’s colouring matter. We propose the name ‘ Erianthin ’ 
for this substance, which appears to be a new natural product. Eriantain 
forms yellow transparent prisms or needles which dissolve in alcoholic 
potassium hydroxide, or concentrated hydrochloric acid with a deep yel:ow 
colour. It is insoluble in o'5 % aqueous alkali, liquor ammonia or 
dilute mineral acids. It dissolves, however, in 5% aqueous alkali, ‘and the 
alkaline solution is stable to. aerial oxidation. Ferric chloride imperts 
an olive-green colour to an alcoholic solution of erianthin, but ferrous 
sulphate does not produce any characteristic colour. Treated with magne- 
sium and hydrochloric acid, alcoholic erianthin produces a Pink colcur, 
Apparently it behaves like.a Byciayanne ph es 2 
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‘The analytical data of erianthin are in agreement with the formula 
C,sH,0.(OMe),(OH), and it is further supported by the formation of a 
colourless diacetyl derivative. Hydrolytic fission of erianthin by means of 
alkali produced an acid, m.p. 177'5°, which was definitely identified as 
veratric acid. ‘The partial formula of erianthin may, therefore, be represent- 
ed by {). 





{ O OMe { 6) 7 OMe 
(OH), if) OT" ag | a a 
(OMe), I (OMe) i 
OH CO 
(I) (Iq) 


We have now to allocate positions to the two OH and three OMe groups 
jn the benzopyrone nucleus, which can have a maximum of Ave substitu- 
ents. ‘The stability of an alkaline solution of erianthin in air excludes the 
possibility of existence of a free OH group in position 3. Both the phenolic 
groups consequently must be present in the benzene nucleus. On the basis 
of the hypothesis, put forward by Bose and Nath in Part I of this series 
(J. Indian Chem. Soc., 1938, 15, 142), that in natural polyhydroxyflavones 
or their partially methylated products, a free OH group is always to be 
found in position 5, the formula (I) may further be expanded to (II). 
Methylation of erianthin by means of diazomethane led to a crystalline 
yellow monomethyl derivative. Prolonged contact with the reagent failed 
to give the dimethyl derivative. Mosfomethylerianthin gave a green ferric 
test and a colourless acetyl derivative. ‘These observations may be accepted 
as an additional evidence of the presence of an OH group in position 5, since 
the OH group in this ‘particular position is known to resist methylation by 
diazomethane (cf. Robinson and Tseng, J. Chem. Soc., 1938, 1004). 








OMe 0 * __OMe some 8 OMe 
aa Some /~ Se 
M it habe KE 
OH CO On A 
(Ii) . (Iv): 


‘The second OH group must occupy the meta-position with regard to 
the first, because erfanthin gives negative tests with alkaline o-dinitrobenzene 
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(Bose, J. Indian Chem. Soc., Sir P. C. Ray 7oih Birthday Vol., 1933, 65) 
as also with chloropentammine cobaltichloride (Shibata and Hattori, Acta 
Phytochim., 1930, 5, 117). The three remaining positions, namely 3, 6 and 
8, must consequéntly be occupied by the three methoxy groups. In other 
words, erianthin should be regarded as 5:7-dihydroxy-3:6:8:3/:4'-penta- 
methoxyflavone (III), and monomethylerianthin as (IV). 

The isolation of a compound of the type (III) from natural sources is 
of interest because it happens to be the second known natural product of 
the heptahydroxyflavone series, the first being gardenin from Gardenia 
lucida (Bose and Nath, loc. cit.). Incidentally it might be mentioned that 
erianthin is one of the few known derivatives of pentahydroxybenzene, 
occurring in nature. 


ExPERIMENTAL. 


Isolation of Erianthin.—A supply of Blumea eriantha DC., in flower, was 
obtained from the Bombay: Presidency through the kindness of Mr. S. N. 
Bal, M.Sc., Ph.C., Officer-in-Charge, Botanical Survey of India and Mr. 
L. S. S. Kumar, Economic Botanist to the Government of Bombay, to whom 
we offer our best thanks. ‘The air-dried plant (x kg.) was cut into small 
pieces and percolated with commercial methyl alcoho! during 60 hours. ‘The 
deep green extract was concentrated to about goo c.c. and treated while still 
hot with concentrated aqueous lead acetate (15 c.c.). The precipitate was 
filtered off and the filtrate freed from lead by means of hydrogen sulphide. 
The filtrate was concentrated to about 200 c.c. in vacuum and allowed to 
stand in a cold chamber (0°) for 72 hours. Crude erianthin separated out 
along with much tarry matter, which was removed by washing with cold 
alcohol. The mother-liquor and washings gave a second crop of crystals on 
being kept for about a week in the cold. 

The crude erianthin melted at 154°. Repeated crystallisations from 
chleroform-alcohol and acetone gave yellow transparent prisms, m.p. 161°. 
Further crystallisations did not improve the m.p. Erianthtn was obtained in 
yields varying from 0°02 to 0°03 %. It is insoluble in petroleum ether, 
spatingly soluble in alcohol, ether and benzene, moderately soluble in 
acetone and acetic acid and freely soluble in chioroform. (Found in 
samples dried at 110° in vacuo over P.O;: C, 594; H, 4'04; OMe, 
38°54- CooHaoO, requires C, 59°41 ; H, 4°95; 5 OMe, 38°36 per cent). 

Stability of Alkaline Erianthin in Air.—Through a solution of erianthin 
in 5% potassium hydroxide a rapid current of air was passed for 15 hours, 
The colour of the solution did not change. On acidification with hydro- 
chloric acid a pale yellow crystalline precipitate was obtained, which melted 
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at 160°5° after crystallisation from acetone, and which did not depress the 
1n.p. of pure erianthin. 

Diacetylerianthin.—A mixture of erianthin (ox g.), acetic anhydride 
(2 c.c.) and a drop of pyridine was gently boiled for 3 hours. The liquid 
products from the reaction mixture were removed under reduced pressure 
and the crystalline residue was taken up with benzene, charcoaled, and fil- 
tered. The filtrate on concentration and dilution with petroleum ether gave 
colourless needles. ‘T'wice recrystallised from benzene-petroleum ether, the 
acetyl derivative melted at 163°. (Found in sample dried at 110° in vacuo 
over PO; : OMe, 32°00. Cy,H2,0,, requires 5 OMe, 31'8 percent). It gave no 
ferric test in alcohol. 

Hydrolysis of Erianthin.—Erianthin (0'4 g.) was heated under reflux for 
12 hours with alcoholic potassium hydroxide (15 c.c. of 20%). The product 
was evaporated to dryness, the residue taken up with water and extracted 
with ether. ‘The ether extract gave a small quantity of red tarry matter, 
which could not be crystallised. The aqueous portion, on concentration 
and acidification with hydrochloric acid, gave a crystalline precipitate. This 
was collected, washed with cold water and purified by sublimation in high 
vacuum and by subsequent crystallisation from dilute methyl aicohol. The 
colourless prisms melted at 177°5° and did not depiess the m.p. of an authen- 
tic specimen of veratric acid, m.p. 177'5-78°. (Found in sample dried at 110° 
in vacuo over P,O;: OMe, 33°3. Calc. for CsHi19O4 : 2 OMe, 34°06 percent). 

Monmethylerianthin (IV).~Erianthin (02 g), dissoived in pure methyl 
alcohol, was treated with an excess of ethereal diazomethane and the mixture 
left overnight at room temperature. The residue left after 1emoval of the 
solvents was distille d at 210-30°/o'02 mm., the yellow distillate was twice 
crystallised from dilute methyl alcohol as paie yellow needles, m.p. 141°. 
(Found in sample diied at 100° in vacuo over P.O, : OMe, 44°6. CaH22,0, 
requires 6 OMe, 44'5 per cent). It gave a green colour with ferric chloride in 
alcohol. 

Monomethylmonoacetylerianthin.—The foregoing compound (0'08 g.) 
was acetylated and the product purified in the manner indicated under 
diacetylerianthin. he acetyl derivative formed colourless needles, m.p. 
131°. It showed no ferric test in alcohoi. (Found in sample dried at 100° 
jn vacuo over P20; : OMe, 40°8. CiHsOv requires 6 OMe, 40°42 per cent). 

Our best thanks are due to Mr. N. Ghosh, M.Sc., who carried out the 
micro-analyses recorded in this paper. - , 
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INVESTIGATION OF THE OIL FROM THE FRUITS OF 
- " FERULA ALLIACEA, BOISS. 


By Praro.tA Kumar Bose AND SACHINDRA NatH Dort. 


“The fruits of F. alliacea contain 19 per cent of oil and some natural coumarins, 
The consfants of the oil have been determined and its probable composition has been 
discussed. : 


Following a scheme for the systematic investigation of plant materials 
of the Umbelliferae order, we took up the present investigation. Although 
some work on the resin of F. alliacea roots have been recorded (Hirschsobn, ° 
Arch. Pharm., 1878, 218, 309 ; Tschrich, Harze; and Ed.,-Vol.I, p. 362), 
the fruits of this plant do not appear to have been investigated before. 

The mature fruits emit a powerful aromatic smell when crushed, appa- 
rently due to the presence of a voiatile oil. In fact, steam distillation of a 
petroleum ether extract of the material gave about 0°9% of. a colourless oil 
having a strong sweet smell. The nature of the oil is being investigated. 

The oil used in this investigation was extracted from the crushed fruits 
by light petroleum. ‘The insoluble yellow solid matters were removed, the 

_ oil freed from the solvent and dried. Thus isolated, the oil hasa yellow 
colour, a pleasant smell and a bitter taste. ‘The following constants were 
recorded with a sample of dry oil. ; 


Density at 31°5° (water at 31°5°) ats 0’9156 
Refractive index at 40° 4 a 14697 
Specific rotation in chloroform at 30° (11°29% soln.) ..., + 104° 
Solubility in alcohol at 25° we 255%” 
Thermal value “ ae 16° 
True Valenta number (acetic acid) we 74°67" 
Manmene test we 95°06 
Bromide test é we onl 
Acid value : : evs 16°6, 
Saponification value * 189°62 
Ester value . “17302 
Todine value (Wijs) : vee: 90°73 
Hypochlorous acid value* ~ ae TQS 

Acetyl value wwe - 23°56 

° Reichert-Meisl value (5 g. oil) we VET 
Polenske value (5 g. oil) . : die 0725 
Total saturated fatty acids (corr.) we 14°02% 

» unsaturated ,, ,, 4 , 78°oR% 

Unsaponifiable matter ._ oo 1°96% 


* Goswami and Basu, J. Indian Chem.-Soc., 1934, 11, 905. 
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An attempt has been made to correlate the above data and explain their 
significance. The thermal value and Maumene ‘test indicate that the oil 
is non-drying. This inference is further supported: by the iodine value. 
The solubility of the oil in alcohol is apparently due to the presence of 
glycerides of hydroxy-acids and the- high acetyl -value lends support to this 
suggestion. ‘The low Reichert and Polenske values may be due to rancidity 
and decomposition. As a matter of-fact high acid value is associated, 
with rancidity. The absence of tetra-, hexa-, and octa-bromides in the. 
bromination products of the total fatty acids indicates absence of polyun- 
saturated acids, although it should be’ mentioned that small quantities of 
higher unsaturated acids may escape detection- by this method which is‘ 
never quantitative in character. . : 


The ‘solid’ saturated acids (yield_x7 5%),“ obtdined by the lead salt- 
ether method, had an iodine value of 20 showing that appreciable quantities 
of unsaturated acids are present along with the ‘saturated’ acids. A 
repetition of the process of separation did not much alter the IV. It is, 
therefore, evident that the ‘ saturated ’ acids must contain some unsaturated 
acids like erucic or petrosilenic acid, the lead salts of which are insoluble in 
ether and consequently they group together with the ‘ saturated ’ acid 
fraction It is noteworthy that petrosilenic acid has been found to occur in 
the seed oil of some plants belonging to the same Natural Order asF. - 
- qlliacea (Dean, “Utilization of Fats,’’ 1938. p. 93). 


The alcoholysis of the oil was carried by the method described by 
Goswami and Ramanujam (J. Indian Chem. Soc., 1931, 8, 413). The 
methyl esters from sog. of the oil gave the following fractions on dis- 
- tillation at 16 mm.* 


"Fractions... I. Iss - +s Ii. _ Iv... Vv 
B.p. «. Up to 100° T00-130° 130-155" 155-210" 210-20° 
Yield - 2 B85 0°42 24 o 32°2 g. 


Fraction I consisted mainly ‘of essential oil. Fractions II and III 
were not further examined for want of sufficient material. Myristic acid 
(b.p. of methyl ester, 167°/15 mm.) and palmitic acid (b.p. of methyl ester, 
196°/15 mm.) are apparently absent. Fraction V, which constituted the 
bulk of the distillate, had an I.V. of 86°16 and gave no solid product on bro- 
mination of the acid obtained from this fraction. The b.p. as also the LV. 
is in agreement with'those of methyl oleate. 


es 


x During fractionation yellow solids separated ont from the distilling liquid. 
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The natural coumarins present in F. alliacea as also the volati_e oil 
will form the subject of a future communication. 


Ex PERIMENTAL. 


Preliminary Experiments.—The fruits of F. alliacea were obtained from 
Poona. They were identified by Dr. K. Biswas of the Royal Eotanic 
Garden, Sibpur and by Professor A. Das-Gupta, Calcutta, to both of whom 
we are greatly indebted. ‘the fruits were coarsely powdered and s50¢ out 
of the whole lot were successively extracted with different solvents in a 
Soxhlet. The solvents were removed in each case and the nature and 
quantities of the extracts were noted. 


(i) Petroleum ether (b.p. 30—50°) extracted 20%- of the meterial. 
The extract wasa yellow oil containing a granular yellow solid, which 
amounted to nearly 1°2% of the fruits. 

(ii) The ethet extract wasa brownish oil having little solid matter 
and amounted to 1'4%. 

(iti) The chloroform extract (yield 2%) had a similar appearance. 

(iv) The alcoholic extract (yield 3°7%) was a dark greyish b-own 
tazry mass. : 


Extraction of the Oil—Fora large scale extraction, light petraleum 
was used and the extraction was continued briskly during 20 hours ina 
Soxhlet apparatus. The solvent was then removed on the water-bath 
and finally under reduced pressure in a slow current of air at aboat 70°. 
The oil was allowed to stand at room temperature for several days -vhen 
a vellow granular solid separated out The oil was separated by filtration 
and dried over anhydrous sodium sulphate during a week. The clear oil, 
thus obtained, was used in the following experiments (yield 19%). 

Essential Oil.—A portion of the above oil was distilledin steam. The 
distillate was taken up with ether, dried over sodium sulphate anc the 
solvent removed under reduced pressure. ‘The pale yellow oil thus obtained 
(yield 0°9%) had a pleasant camphoraceous smell. 

Thermal Value (Bromine Thermal Test)—This test isa measuce of 
the heat evolved on treating a definite weight (1 g.) of an oil disso.ved in 
a definite volume (10 c.c.) of chloroform with a definite (1 c.c.) voluiae of 
bromine. The test was carried out in a Dewar’s flask. 


_Initial temp. of oil and chloroform wee 32° 
Final temp. after addition of bromine 48° 


Hence thermal value be 16° 
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~ True Valenta Number (Acetic Acid).—It was determined by the method 
of I'reyer and Weston (“Handbook of Oils, Fats and Waxes,” 1918, Vol. I, 


p. 76). X 


Turbidity temp. of oil we 545° 

Oleic acid content _ oe 8'6r% 
Corrected turbidity temp. 2 5 we 74°04° 
Turbidity temp. of almond oil sex 92°" 

Oleic acid content .  3703% 
Corrected turbidity temp. . 937° 
Hence true Valenta number ws 74°67" 


Maumene Test.—The modified method of Thompson and Ballantyne 
(J. Chem. Soc. Ind., 1891, 234) was followed. 


Tnitial temp. of ojl vee 26° 
Final temp. after treatment . we 645° 
Hence rise of temp. : we. 38°50° 
Initial temp. of water ; .. 26° 
Finaltemp. after mixing with SO, vs. 66"5° 
‘Hence rise of temp. wee 40°5° 
Therefore, Specific Temperature Reaction = 95'06 


Separation of Solid and Liquid Acids.—8_ G. of the oil gave 1°393 g. of 
‘ saturated ’ acids and s‘969 g. of ‘ unsaturated’ acids. The I.V. of the 
‘ saturated ’ acid was found to be 19.9. Hence amount of monounsaturated 
acids present in the saturated acids=3'48%. ‘Therefore, corrected percen- 
tage of saturated acids= 14°02 and corrected percentage of unsaturated 
acids = 78'08. . 
The LV. of the ‘ unsaturated’ acids was found to be 100°6. “The 
‘ saturated ' acids were obtained as an oil, which polaiaed on keeping and 
melted at 29-30°. . 
We are indebted to Dr. M. N. Goswami for some valuable suggestions 
in connexion with this investigation. - 
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ApPLICATION OF BEER’S LAW OF ABSORPTION 
TO SOLUTIONS. 


By W. V. Boacwat 


Application of Beer’s law to the solutions of potassium dichromate, picric acid, 
didymium nitrate, methyl violet, methylene blue. chromic acid, nickel nitrate, 
nickel sulphate, nickel chloride and cobalt chloride has been tested. It is observed 
” that nickel chloride and cobalt chloride behave similarly to cupric chloride and does 
not obey Beer’s law While solutions of other substances follow the law more or less _ 
approximately, deviation being greater as the concentrations become widely separated. 
The results also indicate that ionisation alone is not responsible for deviation from 
Beer's law. : 


According to Beer’s law when an absorbing substance is in the gaseous 
state or dissolved in a transparent solvent, the absorption ROSIER is 
proportional to the concentration. Thus e = kc. 

It is weli known that the law is valid only in case, of monochromatic 
radiations and when the molecular characteristic of the dissolved substance 
does not change with dilution The law does not hold good in the case of 
cupric chloride solution due to the formation of complexions. Thus :— 


CuCl, —> CuCl'+Cl 

— CuCl —> Cut+cr 
CuCl,+ Cl’ —> CuCl,’ 
CuCl,’+Cl' —>* CuCl,’ 


However, the law is applicable in case of, potassium permanganate and 
others (cf. Dhar, “Chemical Action of Light’’, p. 17). 

In this paper an attempt has been made to investigate the applicability 
of this law to various solutions in various regions of the visible spectrum. 
The amount of absorption and extinction coefficients for different con- 
centrations were determined with the help of Nuttings photometer combined 
with- constant deviation spectrometer. The regions compared -were not 
strictly monochromatic due to the width of the slit of the telescope, although 
they were identical.for all solutions. The width of the region was about 
2008, ‘The observed results together with those calculated on the basis 
of proportionality between e and.c are given below. It is assumed that 
the observed values for the lowest concentrations are the true values and 
on this basis expected values.at other:concentrations are calculated.” This 


principle is separately followed in each table. syne <2 ofan Gh03 


tof ' 
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‘The thickness of the solution in all.cases was 1 cm. Concentrations were 
expressed either as mols per litre or number of grams in a given volume 


Molecular weight 


— oe = observed ex- 
Basicity of the salt 


or in terms of normality = 


tinction coefficient, ¢, = calculated value of extinction coefficient. ] = 


wave length in & units. 
’ TABLE I. 


Potassium dichromate. 


Cone. 54008. 55008 56008 58008. 60008, 
o'0513 M e 0°25 o'IO _ 0°04 0°02 

” 7 : ee O25 (tw o'ro . —_ 0°04 O02 
o2s6 e 1°32 0°52 0°20 _ ~— 
fe ee 1°25 o'50 0°20 _ — 

9°513 . e _ 28 ro6 | + 0740 O14 0°04 
e. 2°. 100 o4o. 0"40 0°20 


It appears® from these results that in regions where absorption is 
appreciable (A = 54008, 55008 and 56008) Beer's law is more or less 
applicable for all the concentrations examined. When, however, the 
extinction coefficient becomes small (A = 5800 A and 6000 &) thé law is 
not valid.” It is to be further observed that the deviation becomes more 
marked as the concentrations differ more and more from one another. 
Thus the results when 0°256M 4nd 0'513M solutions of potassium 
dichromate are alone compared are in better agreement than when all the 
solutions are compared together. This is obvious, because when change 
in concentration is small, the deviation is also small. 


TABLE II. 


Picric acid. 


oe cc.) 48508. . 50008, . 51808, 
0666 e : 0°60 : o*o9 0°03 
"3 be o*6o 0°09" 0°03 
1333 e 1°05 or7 0°07 
e. 1°20 0°18 0°06 


_ 
: For the concentrations examined the Beer’s law seems to be applicable 


in cases of picric acid. 
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TABLE III. 


Didymium nitrate. 


Conc. 
(g./z00 cc.) : 43708: —-ggoo8. 44708 45904 
22°687 e o'r9 o"I9 0°21 o'22 
i Ce 019 0°64 o'21 o'22 
45°375 e 0°35 "1g a'40 o0's8 
” e. 0°38 x°28 0°42 o 67 
46qo4. 47208, 48504. 50008, 50208" 
22 687 ce o'4r 0°26 0°05 o'47 0°50 
a C. O'"4r 0°26 0°05 0°47 oso 
45°375 e 0°72 0°49 0°07 0°79 1'C3 
s C. 0°82 0°52 o"I0 ; 0°94 100 
s100A, 51808, 53808. ° 56408 58708. 65408 
22°678 @ 0°74 0°29 0'04 r'65 0'02 O°1r 
rr Cie 4 0°74 0'29 0°04 1°65 0°02 O'rr 
45°375 e 1°27 os; * oto7 2°25 0 03 0 38 
: Ce x48 0'58 o’08 3°30 o'o4 0°23 


The absorption by didymium nitrate is known to be peculiar. It shows 
various regions of maximum absorptions ( cf. Bhagwat and Dhar, J. Phys. 
Chem., 1931, 85, 2393), the centres of maxima being near about 4200 A, 
4640A, 50008, 5020A, 51004, 56404 and 65404. The above results 
point out that Beer’s law is more valid in regions other than those of 
maxitnum absorption. 


The absorption of didymium nitrate at lower concentration has also 
been determined, but when the results are calculated on this basis the 
deviation from Beer’s law is much marked. In other words, the deviation 
from Beer’s law becomes more pronounced as the difference in concentration 
increases. : 
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Taste IV. 


Conc. ‘ 
(g./T00 ¢.c.) 43708. 44708. 4sq08. 47208. 48508 soook. 51808. s64o8. 65408. 


4°5375 e 0°05 0°05 0'07 0'06 0'02- = O°IO 0°07 "40 0°03 
ts @e 0°05 0°OS Soy 0°06 0'02 o"I0 0°07 0°40 0°03 

2a°687 €° O19 oar 0°32, 0 26 0°05 0°47 0 29 r'65 o°xX 
in €, 0°25 , 0°25 0°35 0°36 o-lo 0 50 0°35 2°00 Ors 

45°375 € » 0°35 0°40 0'58 0°49 =—-0'07 0790057 2°25 o' 18 
ee €. 0°50 0°50 0°70 ~=— 060 0°20 roo 83—-0'"70 400 = 030° 


The results clearly show that the deviation from Beer’s law isappreciable 
for the higher concentrations (45°375 g.) than for the concéntration 
(22°687). Beer’s law therefore is not valid-in this case when the concentra- 
tions compared are widely apart. It is to be further observed that this 
deviation is much h greater in the peezicns whiere absorption is a very low and 
also very high. 


TABLE V. 


Methyl violet. : 


Conc. 65408. 61608, ico, 47208, 4590R. 447oR. 43708. 42808. 
(g-/ X00 ¢.c.) : 
0-000 - @ _ 0-09 = 0-27 O19 O14 O12 O12 ~ 
. .0°0I0 e 0°03 0-44 2-00 1-32 0-76 0-52 0-35 — 
, 0025 5 € O-07 : 0:80 _ 1-85 1-85 VIZ O75 oso 
0-050 e A o-xr2 I-50 _ _ _ 1-85 1'22 0-76 
O10 = € = 023 = =e =. = so £95 OES 


It seems that Beer's law is not applicable in the‘case of methyl violet 
solutions. The law is not approximately valid even when the -absorption 
of similar concentrations, such as o’050 and o’roo g. in 100 c.c. or 0025 g. 
and o'050 g. in 100 c.c. are compared with one another. In view of the 
fact that these dyes behave as colloids the deviation from Beer's law at 
high dilutions is asrexpected, since the molecular complexity changes with. 
dilution, 
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re Tapes VIL a ee 3 
A Methylene blue. a. x a 
Cone. 3808. ‘epak 50008. 48508. 47208, pak 7 geet 
{g./100 ¢.c.) 
o-or16 e€ 1-46 r08-- 0-86 0-72 0-54 0°34 0-27 
” ee 1-46 1-08 086. 0-73 0-54 034 0-37 
0:0234 é 26 2°05 1-70 1-38 I-04 0-84 0-66 
5 é. 2°92 f 3°16 1°72 144 1:08 0-78 O84 


The results indicate that for the two concentrations examined Beer’s 
law seems to be valid in the case af methylene blue. 


3 Tasty VII. 
Chromic acid. 
Ccne, 56008. 58708. 61608. 65408. 
1-416, N e 0-58 0a7 0-23 org 
o 7 e. os8 0°27 0-23 O'r5 
2-833 e hid 0-50 0-38 O25 
“ e. x36 0-54 0-46 0:30 
5666 e _ 1°38 0-86 0:50 
‘i ‘ t. a - x08 0-92 0-60 


Beer’s law seems to -be fairly applicable in the case of chromic avid 
for the concentrations examined. As in previous cases the related concen- 


trations show better agreement than the concentrations which are widely 
apart. 


: ’ Tasig VIII. 
Nickel nitrate. 
Cone. 4gooR. 46008. 48008. s0008. s200R. s4oo8. 6008. 58008. 60008. 


0'208 M é 016 oro 0:06 0-04 0-05 0705 © 0:05 0:09 o-16 


‘3 é. o16 o-10 0-06 0:04 = O05 005 0-05 0-09 =o 16 


I-04 e o8@ O55 0-30 0-30" O25 0°27 0-27 0-28 0-47 
Ss e. 080 O50 0°30 O20 - 0°35 O25 0-25 0-45 0 80 
* 2:08 e 1-65 120 O57 OZ SK 0357 o60 8 ©600'96 ~—i-70 
a ee 1-60 reo 0-60 0-40 0°50 050 O50 0-90 ~~ 1-60. 
4°16 @ _ 2°45 1:30, 10 117 1-20 1-25 1-95 4°45 
: &e oe 2-00 120 9-80 1-90 I-00 I-00 x-Bo 3°20, 
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Considering the wide range (4°16 M to 0°208M) examined the results 
are fairly in agreement with the Beer’s law. -If the concentrations r'o4 M, 
2°00 M ‘and 416M are alone compared the validity of the law is 
excellent. - Sie i 


Taste IX. re . ie 


’ Nickel nitrate. 


Cone. aoa. _ 64008. 66008, ~ woook. 
"9-208 M e “nag a 0°36 i 0:40 0-45 
w é O29° - O36 0:40 - ngs 
| 04. ios e te _ ° 1-90 2-20 2°45 
z e ae. 1-80 2-00 2:20 
2-08 e 30 - 8 — a Lo? 

” “1 - 29 SiGe = suck 

4°16 : ae Se mG 
. ace ete ae . ess 
‘  Tapug X.-~ s 

; Nickel sulphate. = ; 

"Cone. (esa 48008, oak: 52008. 54008. 56008. s800R. 6oook. 62008. 64008. 


0-93 N € oro 0-08 O05 0-08 OO OTS O-17 0-30 0-55 ~ 0-70 
230 | € O32 . O17 2 o-F0- ~O°17 Q°20 “0-90 O-42 0-70 25 1-70 
5:28 - € Og0 0-48 0:27. ~ 040 O50 6s" 105° r65 2-35 _ 


These results show that deviation: from Beer’s law becomes more 
marked as the concentration differences increase. Nickel salts show high 
absorption at both ends of the visible spectrum. It will be observed that as 
these regions are approached, specially at high concentrations, the cevaecn 
from Beer’ slaw becomes still enhanced. 


_ Taste XI. 


Nickel chloride. 


Cone. 62008, 6o00R. s8008. 56008 ~ 54008. 52008. soook. 48008. 
0:926 N e O37 0-36 0°27 0-22 18 616° - 016 0-23 
4°63 e 2:0 13888 GGG ego 37 og 


9-26 @. ~ 20 1636 02 6-84 0-77 104 30 
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Beer’s law completely breaks down in this case. The law fails even 
when the concentrations 4°63 N and 9°26 N alone are compared. It seems 
that nickel chloride behaves in a very similar manner to cupric chloride. =t 
is most likely that complexes of the nature NiCl,’ NiCl,” etc, like CuCl/, 
CuCl,” are formed in solution. : 


tw . . ~-s 


--- -  ~- Tapue XII. 
Cobalt chloride. 
Conc. . * go008. “Besok:. “Creal. Sxonk s800k. sgoo8 46008. 4goo3. 
0183 M+ eg “005 ° Go7- = 0-08 _ O55 0°59 0-35 
o-grs e032 og 375 35S 
13 et 9B 085° 305 1-70 = —_ 3°75 


‘. The law. does not seem to be applicable in case of cobalt chloride. _ 

All these results point out that merely increase in the degree ef : 
ionisation does not affect Beer’s law. Thus Beer’s law is more or less 
applicable in the case of potassiun dichromate, picric acid, didymium nitra-e 
chromic acid, nickel nitrate and nickel sulphate for the concentratiors 
examined. 
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VELOCITY OF TRANSFORMATION OF | : 3°: 5-TRIKETONES 
INTO 2 : 6-DISUBSTITUTED y-PYRONES. PART I. VELO- 
CITY OF TRANSFORMATION OF ACETONE DIOXALIC 

ESTER INTO CHELIDONIC ESTER. ° 


By S. S. DESHAPANDE, W. V. BHAGWAT AND C. W, Susnis. 


In order to investigate the structure of 1-3 :5-triketones bv physical method 
acetone dioxalic ester is chosen as the standard substance of comparison asits constitu- 
tion is definitely known. Velocity constants of the change of this ester into 
chelidonic ester are given and the mechanism of the change explained’ 


Deshpande, Dingankar and Kopii (J. Indian Chem. Soc., 1934, 14, 
595) described the synthesis of dipropionylacetone and di-n-butyryl- 
acetone. ‘The reactions of the products led the authors to assign the struc- 
ture (I, R=C,H, or C;H,) to these compounds. 


R'CO'CH,'CO’CH,’"CO’R (2) 


By analogy diacetylacetone should be (1, R =CH;). ‘The simple struc- 
ture (I, R=CH;) is, however, opposed to Collie’s structure for diacetyl- 
acetone (II), based on the chemical relations of this compound to dimethyl- 
pyrone which he represents by the oxide structure formed by the loss of a 
molecule of water (J. Chem. Soc., 1904,°85, 971). 


OH OH 
C C 
Bef ae HC? SCH 
0 | 
= lal St ae 
cH. cl | /c- CH CHC /C—CH 
0 O 
| | 
H OH 
(ID) 


Deshapande, Bedekar and Kaushal (J. Indian Chem. Soc., 1935, 
12, 465) have given additional evidence in support of the open-chain struc- 
ture (I, R=CH)) for diacetylacetone and its homologues. They have shown 
that y-pyrone and 2 : 6-substituted y-pyrones have probably simple ring 
structure (III) rather than the bridge ring structure assumed by Collie, 
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CO _ Cost 
a \cH ER 
| | = oem Do 
R-Cl Jo-R Hee 
Oo - | 
CO,Et 
: (111) (Vv) 


In the present paper an attempt has been made to throw more light on 
the structure of these substances by physicochemical investigations. 

The plan adopted was to make a comparison between diacetylacetone or 
its higher homologues and an open-chain 1:3: 5- -triketone, e.g. acetone 
dioxalic ester (IV), synthesised by Claisen from acetone and oxalic ester in 
two stages. 3 : oe 
CO,Et'CO"'CH,"CO’CH,;CO'CO,Et (IV) 

It is well known that acetone dioxalic ester: under dehydrating condi- 
tions such as keeping in vacuum, loses a molecule of water and changes into 
the ring compound, chelidonic ester (V). The substance (acetone dioxalic 
ester) exists in monoenol and dienol forms, the dehydration taking place from 
the dienol form. e 

Tt has been found that for this reaction dehydrating conditions are not 
necessary. Acetone dioxalic ester dissolves in any non-dehydrating medium 
such as acetone or dilute alcohol and changes into chelidonic ester 
in the presence of a: trace of a catalyst. It is further found that this relation 
is quantitative and is accompanied by,no side-reactions and is one of the 
few reactions which are strictly unimolecular. ° 


ExPEREEREIMENTAL. 


Acetone dioxalic ester was crystallised from glacial acetic acid and 
dried at low temperature, m.p. 1oo-101°. The rate of transformation 
was investigated by physical and chemical methods. : : 

The known weight’ of acetane dioxalic ester was dissolved in a 
known volume of the solvent containing a known concentration .of the cata- 
lyst and the reaction was carried in a thermostat at a fixed temperature. At 
definite intervals, a known volume of the solution was pipetted and three 
times the’ voliime of water added ‘to it. Under these conditions the cheli- 
donic ester iscompletely soluble, while acetone dioxalic ester being almost 
insoluble,-is completely precipitated. The slight correction for the solubitity 
of the ester was introduced by determining its solubility in the mixed solvent 
used at the time of precipitation. From the corrected, weight of the un- 
changed ‘ester the rate of the cheimical change was determined. 
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In the chemical.-method unchanged acetone-dioxalic ester was’ 
determined from time to time by precipitating it as insoluble copper 
salt with copper acetate solution. The copper salt of acetone dioxalic ester is 
quantitatively precipitated if to a dilute methyl or ethyl alcoholic solution 
of the compound aqueous copper acetate is added and under these conditions 


chelidonic ester remains in solution. 


fesy 
Yoo 


Taste I. a 


> = 
sere s 8 . 4 S28 
a 


pied -heattie 3 ; Catalyst—o-orsN-HCl. Temperature—22°. Weight of acetone 
dioxalic ester—4" 0152 g. Volume of solution—so e:c. Volume of the solution. withdrawn 
. each time—3 c.c. Water added—z2c.c. Solubility correction ~ - 0" o1g2 &.. win! 15 ( ca. of. 


mixed solution. Ti 5. : . . a : oe oA, Pepe 
Time ). Wt. of unchanged Unchanged wt. oo pee j 
oe triketone. = (corrected). %: tt °{a—x)' 
omin, ~~ 0°2130 g. 0°2322 {a) - - oe 
29 , 0°1928 02120 (a—x) o'oor}4 Seat 
59 o'r710 . O"IQ02 oe o'00134° = 
108 0°1476 - 01668 ~ o'00134 rae 
149 ° o'1282 w 0°1474 000133 és 
air o*xr018 O"L210 0°00134 
269 0°0824 ~ o'r0T6 0°00133 
36x as 0'0574, : 0°0766 0°00733 
Tasrk II. 


Solvent—Acetone. Catalyst—o’0432N-HCt. Temperature—s2°. Weight of the 
ester—2 7690 g. Solubility of the ester in 1s c.c. of the mixed solvent at 52 me 0233. 





Other factors same as in Table I. ; “3 
Time (f).. Unchanged ester. ‘Unchanged ester > be log = F, 
a 7 3 (corrected). ~ t oe 
o min. 01428 o°166r (a) —— apn 
10 o'1x46 0°1379 (a--x) - otoo8r ee 
49. 7 0°0738 ia ~ o*0971 0°0080 - 
45 7- 0°0466 ; 00699 - g'0083 
‘6r “= g'0a78 ; o'ostz “0 "0084 
‘B, .  (or0ogo” ss , 00383  o'008B 


So tN oats 5 NBS 
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Tasre IIL. a 
Chemical method. . 
Reaction was very rapid at 54°. Solvent—s0% aqueous methyl alcohol.” Strength of 


HCI.~o'ojo2 N. Temperature—sq°. Weight of ester—o'1634g. Volume of the solution— 
goc.c. Volume of the solution precipitated as copper salt each time—zo c.c. 





Time (t). a8 wee = a y= Slog = = 
: o min. 0°0393 a . 
1 ee oe, ; o'0270 0°0325 

23 0°0070 0°0325 


These results clearly show the unimolecular nature of the transforma- 
tion of acetone dioxalic ester into chelidonic ester. 


DISCUSSION. 


Acetone dioxalic ester exists as an equlibrium mixture in solution of 
its keto-enolic forms since it is the enolic form which undergoes dehydra- 
tion into chelidonic ester : - 


COs “COsHt 
~ He-CO -  CH=C-OH - 
oc’ —_—= OCcy & ra 
€H»—CO CH=C.0H 
- -COsEt .. .. COsEt 


If C, and Co are their respective concentrations at equilibrium then 
Co _ ; 
“E.= constant (an) ww (i) 
1 3 


Again the enolic form changes into chelidonic ester which is one-sided 
reaction asthe change goes to completion : 
If a—x is the concentration of enol form at any time i, initial concen- 
* being a, then, : 


: d. 
ae Bla-2) (id) 


- Thus we have to consider both the reactions simultaneously. 
Let a be the initial concentration of keto form and b, be the concentra- 
tion of enol form at any time t and x be the change in concentration of the 


64 §. S. DESHAPANDE, W. V. BHAGWAT AND ©. W. SUBNIS 


enol form in the same time é, then the concentration of unchanged keto 
form at the same time isa—b—-x. 
_ But by equation (i) — 
a—-b-x 
Therefore, the concentration of b, at any time t is given by 
b=m(a-—b—x)=ma—mx—mb 
b+mb=ma—-mx 


m™ _ (q—x). 


or 
or b= 
rtm 





or bem Snteoal 


dae for one sided-reaction is given by 





Thus — 
dx _ m = 
“de ort aoe 


but m is a constant. : 


Hence a 





or the whole change is represented by unimolecular equation. Our results 


confirm the above mechanism of the reaction. 
“e 
CremticalL LABORATORY, : é 
HoLKaR COoLLecs, Received November 8, 1939. 
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"SYNTHESIS OF COUMARINS FROM O-HYDROXY-ARYL. 
7 _..° ALKYL KETONES. PART IIL . 


By DUBKHAHARAN CHARRAVARIT AND NikeaoeKias Durra. 


- In continuation of the new method of synthesis of coumarins from o-hydroxy-aryl- 
alkyl ketone it has been found that when there is an alkyl substituent in the &-position 
of the expected cinnamic esfer coumarin is invariably formed irrespective of the presence 
of any substituent in the a-position, the presence of any alkyl group or a halogen atom 
inthe benzene nucleus of the ketone having without‘ any appreciable effect’ 6n the 
reaction. Thus 4-alkylcoumarins and 3: 4-dialkyleonmarins have been prepared in 
~excellent yield. .. : . 


_ The" o-hydroxyaryl-alkyl ketones have been conveniently used by 
Chakravarti and Majumdar (J. Indian Chem. Soc., 1938, 18, 136) for the 
synthesis of coumarin derivatives. ‘They have also observed that o-methoxy- 
benzaldehyde, 5-chloro-o-methoxybenzaldehyde “and  8-resorcylaldehyde 
dimethyl ether, when condensed with ethyl brotnoacetate. or ethyl a-biomo- 
propionate form o-coumaric acid denvsite which do not lactonisé zeadily 
(J. Indian Chem. Soc., 1939, 16, 380). - 

The present investigation .has beer ‘maderieket with a view (i) to study 
the effect’ of various substituents, e'g. alkyl, Cl, “Br, _ éte. . if different 
positions in the phenyl nucleus of the o-hydroxy-aryl-alkyl ketones on thie 
seers of coumarins. 

+ ° (ii) and secondly to study ‘the influence of ‘substituents in the a-and 
soutien of thé citinamic ester to be formed on 1 the formation of coum 
acids in the“above synthesis. 

Tle methoxy derivatives of the following “sctoies Viz.; 5- -chloro-2- 
hydroxy-, 5-bfomo-2-hydroxy-, 3-niethyl-2-hydroxy-, 5-methyl-2-hydroxy-, 
Pe ee 5-chloro-4-methyl-2-hydroxy-, 5-methyl-3- 
chloro-2-hydroxy-acetophenonés, ‘5-chloro-3-methyl-2-hydroxy-, 3-chloro-s- 
methyl-2-hydroxy-propiophenones havé been condensed with ethyl bromo- 
acetate and ethyl-e-bromopropionate “according to Reformatsky forming 
hydroxy-esters, which are treated with thionyl chloride and pyridine to 
yield unsaturated esters, The latter on treatment with hydriodic acid or 
on keeping with concentrated sulphuric acid (d 1°84) overnight give quanti- 
tative yields of the coumarins, It is not absolutely necessary to convert the 
hydroxy-esters into the unsaturated esters arid the former may as well oS 
conveniently utilised for the lactonisation to form coumarins. - 

The acetophenones and the propiophenones have all been prepared from. 
the corresponding acetyl and the “propiony] “derivatives of the’ phenols by" 


q 
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heating with aluminium chloride (Fries rearrangement). It has been obser- 
ved thatin somecases an appreciable amount of phenol results, obviously 
from the deacetylation or depropionylation of the acetyl or propiony] deri- 
vatives as the case might be. The formation of the phenol is effectively 
overcome by heating with aluminium chloride for half an hour at 130-40°. 

Some of the coumarins, synthesised by this method, have been found 
to be identical (m.p. and mixed m.p.! with the compounds described by 
Chakravarti and Banerjee (J. Indian Chem. Soc., 1936, 18, 619) by the 
application of Pechmann’s reaction on the phenols or by Chakravarti and 
Majumdar (ibid., 1939, 16,151) by Kostanecki’s reaction on o-hydroxy- 
acetophenones. 

It is evident, therefore, that when there 1s an alkyl substituent in the 
B-position of the expected cinnamic ester, coumarin is invariably formed, 
irrespective of the presence of any substituent in the e-position. Thus 4- 
alkylcoumarins and 3:4-dialkylcoumarins may readily be synthesised from 
the appropriate o-hydroxy-aryl-alkyl ketones, the presence of any alkyl 
group or a halogen atom im the benzene nucleus of the ketone having ‘without 
any appreciable effect on the reaction. 


EXPERIMEN TAIjs 


5-Chloro-2-methoxyacetophenone.—A solution of 5-chloro-2-hydroxy~ 
acetophenone (20 g.) in alcoholic sodium ethoxide (2°7g. of sodium in 60 c.c. 
of alcohol) was heated on the water-bath with methyl iodide (20 g.) for 
about 3 hours. The excess of alcohol was distilled off and the methoxy 
derivative was extracted with ether, the ethereal extract washed witha 
dilute solution of caustic soda and thén with water, dried and distilled. It 
was obtained as a colourless thick oil, b.p.135°/o6 mm. It solidifies on 
chilling in ice. (Found: Cl, 19:24. C,H,O,CI requires Ci, 19°24 per cent). : 

Ethyl 2 Methoxy-5-chloro-8-methylcinnamate—A mixture of 2- 
methoxy-5-chioroacetophenone (7 g.), ethyl bromoacetate (x1 g.), zinc-wool 
(5 g.) and benzene (25 c.c.) was heated 021 a water-bath for 2-2} hours, when 
the zinc dissolved.* The solution was then poured into ice-cold dilute 
sulphuric acid, the benzene layer was separated, washed with dilute sodium 
carbonate solution and with water and then dried. On removing benzene it 
was distilled at 155-60°/5 mm. asa thick light yellow oil, yield 6-5 g. The 
hydroxy-ester (6'5 g.) was converted into the unsaturated ester with thionyl 
chloride (2°5 c.c.) in presence of pyridine (3¢.c.) in dry ethereal solution 
(100 c.c.). After decomposing excess of thionyl chloride with ice the ethereal 
layer was washed with dilute hydrochloric acid, sodium carbonate and 
finally with water. Qn, removing ether the product was distilled at 155°/5 mm, 
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ECONOMICS OF COAL CARBONISATION.* 


By H. K Sen, M.A., D.Sc., D.LC., F.N.I. 


My object in bringing the problem of coal carbonisation before you is 
to draw your attention to the limited coal deposits of India amounting barely 
to1r% of the world’s total reserves, and the consequent economy necessary to 
organise a sound national fuel industry The practice of coal carbonisation 
is comparatively recent, but the tendency to produce concentrated fuels by 
carbonising may be traced to the primitive man who started stack-burring 
of wood, to produce charcoal Ai little before 1691 the Rev. Dr. John 
Clayton, Dean of Kildare, addressed a letter to the Hon’ble Robert Boyle, 
in which he described an experiment on the production and storage of 
inflammable gas, ‘distilled from coal. This letter was published in the 
Royai Society’s Transactions in 178. In 1783 Prof. Jan Pieter Minckelers 
of Louvain made coal gas and used it the same year for ballooning, and in 
1785 and in succeeding years, he used coal gas, purified by lime, for lighting 
his class room. In 1787, Lord Dundonald made some domestic experiments 
on lighting by coal gas, but it was not till 1792, exactly a century from 
the time of John Clayton, that William Murdoch lit up his house and office 
at Redruth in Cornwall with coal gas. In 1798, he lit up a part of Bou:ton 
and Watt’s manufactory at Soho in Bigmingham, and in 1805 he installed 
a thousand gas burners at the mills of Messrs Philips and Lee at Salford. 
It was thus that the attention of the world was drawn to the suitability 
of coal gas for general heating and lighting purposes. Till then, coal 
was nothing more than a fossil useful only for burning on domestic gratings 
and for firing boilers. Soon, metallurgy demanded its share, and coal 
became an industrial product of considerable value, andthe method of its 
processing began to attract the attention of scientific workers. The practice 
of coal carbonisation is still in its infancy in India, but in more industrially 
developed countries it has gone several stages further. Coal is now not 
only yielding tar and gases on distillation but the coke, under the action of 
air and steam, is being completely converted into combustible gases, far more 
suitable and economical for industrial operations than the solid coal itself. 


* Presidential addressjdelivered at the sixteenth Annual General Meeting of the 
Indian Chemical Society at Madras on January 3, 1940- 
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The history of .the later processing of coal is one of how efficiently 
it.could be converted into gaseous and liquid products to adapt them - 
not only to the heat requirements of industrial and domestic operations 
but also to internal combustion engines. ‘The , present position of the heat 
‘treatment of coal: can be summed up by saying that on the one hand, 
complete success has been attained in the liquefaction of coal through 
reaction with hydrogen under pressure and heat, and on the other hand, 
the same end has been attained through an intermediate stage of complete 
- gasification and the conversion of the gases into liquid fuels. Between 
these two ranges lie the three types of coal ‘carbonisation that are iri vogue 
today. All these three have for their objective the respective needs‘of. 
the industries,—coke, gas or tar. The automotive industry has, however, 
claimed its source of propulsion from liquid fuels mainly, aid in countries, 
‘where petroleum is insufficient but coal is in plenty, the tendency has been 
to extract as‘much liquid fuels from coal as possible, by, thé simple 
process of distillation, and when still inadequate, complete liquefaction of. 
coal by complex processes has been attempted. ‘The world consumption of 
synthetic motor fuels from all processes rose from 2-39 million tons. in 
.I936° to 2°83 million tons in 1937, an increase of 0°44 million.of tons. The 
_ increase in Germany alone was 0°465 million, so that in the rest of the 
world; consuinption fell mainly owing to the production and use of o "155 
million tons of alcohol in France. The production of benzole has increased 
steadily, ‘the world output rising from 114° million tons in 1936 to 1°27. 
million tons in 1937. In Great Britain, the production of, motor benzole’ 
rose to -56 million gallons in 1937, an increase of 10% over the previous 
_year. The output of refined’ motor spirit from low temperature carboni- 
sation’ also increased from 08 “million gallons in 1936 to x million gallons, 
in 1937. The activities in this direction in Germany are more noticeable. 
and instructive from the Indian point of view, for both countries lack ‘coal 
and good: coal. Germany’ showed a’large increase in benzole production. 
by 14%, that is, 430,000 tons in 1937 as compared with 378,000 in 1936. 
The output of oil *by thé hydrogenation process has also continued to rise. 
In Great Britain, the Imperial Chemical Industries manufactured 35 million 
: ; gallons of petrolin 1937 as compared with 33 million gallons in 1936. In 

the ‘output for 1937, 2 million gallons of aviation spirit are included. The 
_ production of synthetic gasolene by hydrogenation process in Germany rose 
to’ 850,000 ‘tons in 1937 against 350,000 tons in 1936. Similar operations 
are “noticed in’ France but on a very much smaller scale and in Japan a 
hydrogenation plant with an annual capacity of 20,000 tons is reported to be 
completed, whilst the pouth ane Railway Co. intends. to construct, a. 


* . 
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plant of 200,000 tons capacity. Italy. and Russia are also erecting plants 
for the hydrogenation of coal, and ‘active researches are in progress on the 
hydrogenation of tars and oils. 

. It may be mentioned i in this connection. that the use of compressed g gases 
as sokar fuel is already attracting attention and producer gas generated ¢ in 
situ in lorries and tractors has met with a fair amount of use in western 
countries, specially in Germany, and less in France, England, “Italy and 
Russia. In the U.S.S.R. gas producer marine motors are also stated to have 
given satisfactory results in service and Japan is proposing to. use producer 
gas for buses in the near future. The recent use of anthracite in portable 
producers in motor cars, in England, is a further interesting development 
in the automotive industry. A cwt. of anthracite burnt in a producer 
is reported ‘to be able to drive a ro H.P. car ever a distance of "roo miles 
at 50 miles per hour. Assuming 25 miles per gallon of petrol, this quantity 
of anthracite would ‘be. equivalent to 4 gallons of petrol, but the price 
differential between, the two fuels is enormous. ’ ‘The fefilling of the producer 
tank every roo miles is easy, oniy the anthracite must be lighted before 
starting.” The replacement of anthracite by soft coke or indeed by hard 
coke would introduce an economy in-our petrol reserve, which, by no 
means, is large. All these represent a lesson to India which is now on the 

threshold of industrial development. : 


In India, of the 23 million tons of coal raised annually, about 
3 million tons are used for making hard coke, whilst a little more than a 
similar quantity is used for domestic purposes where much valuable 
combustible products are lost. Barring the 3 million tons of. coal, 
processed for metallurgical or foundry coke, the remaining 20 million 
tors could be. utilised for all other purposes in the form of what 
is~ technically known as’ soft coke: By the introduction of a further 
process, i.e., the Mond gasification: of this coke, ammonia equivalent 
to 80-90 Ib. of sulphate could be recovered per ton of coal handled. 
The: low and medium temperature carbonisations ,are both suitable 
for producing the soft coke which renders all’ firings smokeless ‘into 
the bargain. Besides, the possibility of converting low -grade coals 
into better types of soft coke by blending, is admittedly a great point 
in favour of low temperature carbonisation, as high grade coal exists in 
very” limited quantities ii India. The by-products of low temperature 
carbonisation ‘are larger quantities of tar (15-18 gallons) than by the high 
temperature distillation, and smaller outturn of gas (3-4 thousand c. ft.) 
of- higher -éalorific value, per ton of coal. Both. the tar and the gases 
by: Idw- temperature carbonisation have different chémical ‘ compésitidns 
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from those by the high temperature, but their applicability is not 
impaired in any way and they are more suitable for specific purposes. 
Whilst the demand for metallurgical coke puts a restriction to the quantity 
of coal that could be subjected to high temperature’ distiilation, soft 
coke could replace coal in all other operations, industrial or domestic. 
Recent researches by the speaker and his collaborators have given indication 
that an ‘ after-coking ’ of the soft coke produces a substantially hard coke, 
the use of which in foundry and metallurgical operations is visualised. ~ 
With a fuller development of this aspect of the question, it would appear 
that modern high temperature coking may have to be preceded by low tem- 
perature carbonisation as a general practice. There are certain obvious 
difficulties, both technical and theoretical, in the practical carrying out of 
this combined process, but a plant devised by the speaker and his collabora- 
tors, Roy and Ghosh, which wii be described later (vide infra), has given pro- 
mising results in this direction. In France, the medium temperature coking 
process has estabiished itself firmly, and several big plants are in operation. 
As a matter of fact, the poor anthracite deposit in France has led her to 
medium temperature carbonisation of coal, which, after preliminary treatment; 
is eminently suitable for providing a substitute for anthracite. Considering 
the Indian situation, therefore, it would appear that low temperature carbo- 
nisation followed by hard coking has an unlimited scope as compared with 
merely high temperature coking. It has been contended that low temperature 
carbonisation is uneconomical and that the cost of plants is prohibitive. 
Its slow development in England (where the conditions are totally different) 
has been regarded as proof positive of the uneconomical uature of the 
process itself. But the fact that the Coalite plants are now carbonising 
at least half a million tons of coal annually, and that the Government of the 
U. K. have encouraged the establishment in Wales of a similar plant for 
treating 180,000 tons of coal annually, leaves no doubt that low tempera-_ 
ture carbonisation of coal is no longer in the experimental stage. Besides, 
a difference in the prices of coal at the mouth of the pit in India and in 
England must be regarded as a better guarantee for such projects in this 
country. ‘Then again, there is at present in India a definite market to the 
tune of one million tons for soft coke which is on the increase. In Germany, 
where the low temperature distillation of brown coal has been practised for 
years, several low temperature carbonisation plants for steam coal also exist, 
whilst many more have been built ready for operation. One might generalise 
that in countries, where both coal and petroleum are in abundance, the 
development of coal carbonisation for obtaining liquid: fuels would 
naturally be slow. The United States of America could be cited as an, 
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instance to the point. For India, as already indicated, low temperature 
carbonisation has a special significance, although against the immediate 
possibilities of low temperature- carbonisation, the absence of suitable 
markets for the by-products of the industry, has been cited as a ground. 
The rapid increase in the liquid fuel consumption in this country for auto 
motive and stationary internal combustion purposes, coupled with the low 
petroleum deposit, is alone a guarantee for the complete utilisation of the 
liquid products of coal carbonisation. Asa matter of fact, petroleum and 
low temperature liquid fuels in India might be regarded as complementar~ 
without bringing unhealthy competition. The low temperature pitch afte: 
aeration is suitable for road surfacing, and its use in baking enamel varnish 
would provide a considerable outlet. The carbolic fraction of the tar, often 
amounting to 10-20% of the volume has its definite uses, and any excess 
can under slightly altered technique be used for internal combustios 
engines, plastic industry, and as disinfectants. 

_The technique of low temperature carbonisation has developed throug.1 
many stages of failure. The main features of a workable plant are (i) contrcl 
of temperature of distillation, (ii) rapid conduction of heat through th2 
mass of coal, (iii) discharge of the coke in the form of pieces of suitab= 
size, with a minimum of breeze, and (iv) the maximum fife of the retorts. 
With the above four criteria in view, attempts have been made again and 
again in all parts of the world to devise the most suitable plants and processes 
often differing from one another only in details and not essentially in prir- 
ciple. A brief survey of the situation in 1938 would be as below : 


In January, 1938, 736 brown coal carbonisation plants were in actuel 
operation in Germany, distributed as under : . 


Rolle ovens wee ase ‘ 3 oe we 588 
Carbonisation ovens according to Geissen-Koblenveredlung sos aes 35 
Gas Producer with low temperature coke production ... ” : we 38. 
Internally heated ovens by the Lurgi system see ses we = 62 
Carbonisation ovens of Borsig-Geissen type ... ssn se 

Internally heated ovens of different designs ... Sele, ae “hag ow 8 


With regard to low temperature steam coal carbonisation, no Jess than 
15 plants were in operation in 1938, to which must be added a few where th= 
carbonisation is carried out at the medium temperature of about 700°C, ‘The 
more important processes for low temperature carbonisation are: ~ 


™ 


ig + HK opi -- 


A. rs ‘Externally heated : ‘ 


z The Coalite Process in England. , 6. Hinselmann Preeti 
~ ne Brennstoff-Technic Process in Germany. 7. Otto Process. : 
4 Puening oven in England 8. Plate oven of Ab-der-Halden. 
3. : Krupp-Lurgi Process. 9. Process of Compagnie Generale 
5. Berg & Co’s Process. oo : Industrielle Carmanx. 


B. Internally gas heated: 


1. Lurgi Gesellschaft oven 4. Coalene-superheated steam 
- Process. _ 

2. ‘Kollergas-Gesellschaft Process. 5 Maclaurin Process. 

3. Delkeskamp Process. ‘ 6 Kivioli-Iyurgi Tunnel oven. © 


C. Electrically heated Shafi oven (internal).. 


“OF the meeatit temperature distillation plants, mention may be made 
of, the following : 


. Koppers Process. & & 2 - 4. Tjecocq Process. 
a. Otto Précess® - : 5. Kemp oven. -- 
: Cellan-Jones oven : 6. Roser Process. 


A most important development in the low temperature carbonisation 
‘process has been the carbonisation of oil-coal mixtures, leading to consider- 
able increase in the tar oil yield. Mention may be made of the rotary oven 
of Salerni, Brassert-Knowles Process, the Corby “Process, .Curran-Knowles 
oven, Biummer Process, Process of the Coal and Allied Industries, Ltd., 
Process of Messrs The Catalysts’ Ltd., National Coke and Oil Co. Ltd., 
and the Hampton-Ryan Process of America. Allthese processes were and 
are stil] under trial, and their capacities limited to below commercial quantities 
in some cases. . 

” An'application of the carbonisation process -for boiler-firing ewes 
also special mention, as its adoption is a factor of great technical importance. 
Of the various processes, the name of the Pintsch process easily stands first, 
but those of Berg, Babcock, Hereng and Stanley Morgan cannot be passed 
over. : ° : 

It is beyond the scope of this paper to go into the merits of each of the 
systems most of which are characterised by one special feature or another. 
Whilst in general the problem of rapid heat transference to the coal is the 
main objective, and the refinements relate principally to this, giving rise’ to 
movable parts in the carbonising retorts, the ejection of the coke in a form 
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suitable for domestic use without briquetting hae brodeht round . designers : 
oft and again to stationary retorts. : 
Briefly reviewing the characteristics of the diferent ; eronetees; 


certain generalisations could be formulated. It is obvious that plant, 
design and plant durability will depend upon the method of, heating, ' 
whilst the nature and the amount of-by-products will depend in no. small. 
a measure on this factor as well. Internal heating will lead to_ considerable- 
fuel economy, but also to dilution of the gases, and even partial oxidation: 
of the products of distillation. The structural material for the internally. 
heated retorts ‘can be firebrick, capable of withstanding the usual temperature. 
of carbonisation without much deterioration. Besides, the heating gases being - 
in direct contact with the mass of coal, both uniformity and rapidity of carbo- - 
nisation can be secured. ‘Thus, the quantity of coal that can be handled ‘is. 


very much more than by the externally heated system of retorts, which 
must of necessity be of cast iron or cast steel. It would. appear, thére- 
fore, that internally heated chambers or shafts. would provide the most 
ideal plant, the resulting gases being, however, very dilute and, witk 


easily caking coals, the fire gases cannot uniformly pass out througt' 


the mass of coal. The dilute gases necessitate the. use of large regener- 


ators .or recuperators to attain the proper temperature.of firing, . anc: 
having to deal with large volumes of gas,- the plant for - condensa-. 


tion of the volatile products is larger and the power for working the 
burners greater. Modern practice has, therefore, progressed in - botk 
the directions of internal and external heating, whether the coke dischargec. 
is intermittent or continuous. The externally heated retorts are more 
_ compact and simpler, and the volatilé oils are definitely morein yield 
With a proper choice of the thickness of the coal layer to be distilled anc 
simple but efficient means of stirring, the outturn of coal -carbonisec. 
cai be very considerably increased. It can be shown from theoretica. 
considerations that the time, M, required for carbonisation is -related: to -the 
thickness. R, of the coal layer which must be penetrated by the heat, by 
the following equation :— oe 
M=K(R+C)? 


where C is’a small constant depending on the nature of the coal. Working 
at 713°C with a Pittsburgh seam coal in .a 6°28" radius retort, the actua. 
time of carbonisation was 335 minutes or approximately ‘St hours (Allison. 
Ind. Eng. Chem., 1930, 22, 841). The appropriate reduction-in the thickness 
of coal layer will, therefore, achieve faster carbonisation even in stationary 
charges, and by introducing slow raking or stirring, this ‘speed car. 
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be very much more accelerated. Early in 1937, Sen and Roy (Proc. 
Inst. Chem. India, 1937, 21) designed a technical retort combining the 
implications of this equation, and a system of external and internal heating 

at will, increasing the elasticity of operation thereby. Jt has been possible 
by this combination to carbonise 8 lbs. of coal per square foot of hot surface 
per hour, witha heat consumption of'11-12% on the weight of the coal 
carbonised. As the plant in its simplified form has been tried in two 
instances with satisfactory results, its working deserves further considera- 
tion in view of the oft-repeated drawback in the form of costliness attributed 
to low temperature carbonisation plants. In designing a technical unit for 
operation in a country like India at the present state of meagre industrial 
development, it has to be recognised that capital is shy for new ventures 
and that the first desiderata of a low temperature carbonisation plant should 
be its simplicity of operation, cheap construction and introduction of 
mechanical devices only to an extent that does not substantially reduce the 
scope for manual labour. The technical plant designed can carbonise 50-60 
tons of coal per 24 hours when provided with stirrers, but 36 tons 
when the coal is stationary and the withdrawal of coke intermittent. The 
plant consists of an assemblage of several sections of three concentric cast 
iron cylinders (A,B, and C) having diameters ro’, 7’ and 3! respectively, and 
height 3/3" each. These cylinders when they rest on the base plate (D), form 
three concentric compartments (E, F and G), of which the central (G) and 
the outermost (E) serve as the coal packing chambers and the annular 
space (F) in between the cylinders (B and C) is provided with a greting (H) 
and is used for firing coke to supply the heat. The coal containing com- 
partments (H) and (G) are provided with removable doors at the bottom 
(I), which can be kept in position or detached, by proper lever arrangements 
(J). Each cast iron cylinder is provided with a deep circular groove 
(K) at the top into which another set of three concentric cylinders can fit 
properly. In this way by placing four such sets of concentric cylinders, one 
above the other, the proper coal-carbonising retort has been buiit up with an 
approximate height of 12! 6”. ‘The grooves are all secured gas-tight by fire- 
resistant cements. ‘The outermost cylinder (A) in each set isprovided with a 
delivery pipe (L) for the escape of the products of distillation. The inner 
coal chamber (G) is also connected with the outer coal chamber by suitable 
pipe connections (M,), so that the products of distiilation from the inner 
coal chamber can enter into the outer and then escape through the delivery 
pipes (L, L, L, L). These four delivery ‘pipes are separately connected to 
condensers (M, M, M, M) and the condensed liquids from each of the four 
condensers collect in separate tanks (I, I, JI, IV). The tank (I) which 
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is connected with the top-most condenser collects oil, mixed with a large 
quantity of water, whilst the other tanks collect oils with very little water. 
The reason is obvious, becatise in the continuous process, while descending 
from the top, coal loses most of its moisture and consequently the delivery 
pipes at lower heights discharge volatile products with only the steam of Ce- 
composition, and so the tanks which are in connection with these pipes 
through the condensers collect mainly oils with diminished quantities of 
water. The gases that escape through the condensers still contain sufficient 
low-boiling constituents (benzines, benzols, etc.) and, therefore, they are led 
into a tower (N) provided with a large number of partitions or packed with 
coke, upon which creosote oil continuously trickles from a reservoir (W) at 
the top. These fine drops of creosote oil absorb most of the light oils in tae 
gases and ultimately collect in the tank (V) below. This oil is again pumped 
up to the top and the cycle is repeated. The lighter oils are separated fran 
the creosote oil by simple distillation and the residual oil is again used as an 
absorbent (vide Fig. 1). 

There are hoppers (P, P, etc.) at the top through which coal and coxe 
could be charged at intervals. There are also arrangements for internally 
heating the semi-coke by hot fice gases from the combustion and ccal 
chambers to improve the quality of coke and render it hard, if so desired. 
As a matter of fact, all the cylinders can be used as coking chambers of 
the internally heated type. 

The wall thickness of the cast iron cylinders is 1” throughout, but the 
bottom section is thicker. There are thick vertical Tibs in different 
Segments, which impart sufficient strength to withstand heavy weights 
and maintain their shape at high temperatures. There are also angle 
iron bars fastened to these ribs to give additional strength to the 
retorts. There are arrangements for hanging sheets of iron plates in the 
coal-containing chambers (E and G) from the top. for facilitating better 
conduction of heat into the coal layers (not shown in‘figure). Provision 
is also made for the introduction of gas, air and steam through the set 
of three holes (S, S,-etc.) at different points of the cylinders. Arrangemerts 

_for continuous loading and discharging could be adopted by the introduc- 
tion of helical conveyers as shown in one of the cylinders. Numerous docrs 
at each section permit of short-length poking and consequent easy discharze 
of coke. 

General Considerations in a Technical Unit. 

It would be important at this stage to examine the probable cost af a 
commercial unit of this type of coking plant treating, say, 15 tons per 
10 hours, intermittently, or 60 tons per 24 hours of continuous operaticn. 


2 
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For the present, an intermittent system will be considered, although. there 
is no inherent difficulty in operating the plant continuously, which would 
also redtice the fuel and other costs. The 15 ton plant would require 
500 c. ft. of fire-brick work to enclose the cylindrica] cast iron retorts, 
the latter roughly weighing 250 maunds (approximately 9‘ tons). ‘To 
this must also be added the platforms and hoisting arrangements for the 
coal to be introduced into cylindrical retort spaces. ‘The hoisting of 15 tons 
of coal and the other mechanical devices, would not consume more than 


3 H.P.H. 


Rs. 
soo C. ft. of fire-brick @ Rs 200 per roo c. ft 3% is sss TOOO 
250 Maunds of cast material @ Rs. 8 per md. Py a 2000 
Chimney and platform ee ; ste ves 2000 
Constructional charges se aes sas =P «+ TOOO 
Shed (corrugated) over the unit des «.. 000 
Cost of fraction of power plant including boiler ia air compressor ... 2000 
Cost of a fraction of workshop eee ae oe ws OOO 
Condenser and tar rectifier ... aes tise se +s 5000 

° . 15,000 


d 


Itis obvious that the last three items have been liberally allowed for 
to avoid any unforeseen expenses. We can now proceed to formulate a 
balance sheet for coking coal at Rs. 2 per ton at the pithead. 


Cost of coal. . 


15 Tons of coal at Rs. 2 per ton oY aay Bee 2 Rs, 30 


Cost of carbonising. 





Rs. As. P. 
(a) Cost of fuel at 11% of the weight of the coal ... 3.5.0 
(0) 5 Ordinary labourers @ 54 as. a day rizr 6 
(c) $ of a shift Engineer or mechanic .. See Ioo 
(@) + of a Chemical Engineers’s wages sis GO 8 
Interest on Rs. 15,000 @ 5% an 
Depreciation at 10% on Rs. 15,000 ws “e irs 4.20 
: Overhead charges including power required tes on 200 
Ae fx! 3 Totalcost 46. 3 6 
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Proceeds. 
. Rs. As. >. 
11°25 Tons of soft coke @ Rs. 2-12 per ton ae ion 3% 0 0 
154 Gallons of distilled tar fractions ate we 3505 6 
Gas (90,000 c. ft.) as proportionate reduction of fuel cost = we 3 5 0 
’ Pitch 3 cwt. @ Rs. 1-4 per ewt te ane _ o 3132 0 
74 '0 6 


Net profit on Rs. 15,000 is, therefore, 74/0/6—46 /3/6=27/13/0, which works ont at 
about 66 per cent. Even if the profits were reduced to half, low temperature carbonisat on 
is financially sound. 


Two small plants are at present working with retorts of simplified design 
after the semi-large scale plant described herein. The one supplies gas to 
the laboratories of the Indian Lac Research Institute, which can treat 5 crt, 
of coal per charge of 8 hours (see Fig. 2). This laboratory whizh 
was using the Mansfield cracking plant for 10 years, has adopted tue 
small-scale simplified plant for the last 34 years, working almost every day, 
and producing gas ata very much cheaper cost. ‘The second plant which 
approximates more to the design of the semi-large scale plant, was inaugura- 
ted by the Bihar Government last year to investigate the possibilities of 
low temperature carbonisation of Bihar coals, This pilot plant can handle 
i ton of coal per 24 hours of semi-continuous operations Below are given 
comparative working sheets for the usual stack-burning method of soft ccke 
production, for the Bihar Government pilot plant and for the tentative plent 
(yieids for which are based on the Namkum plant) described above as a basis 
for future commercial venture. In Table II are also given figures “or 
actual yields obtained by Messrs The Low Temperature Carbonisation Ltd., 
London, for samples of Indian coal. * ~~ . 


TABLE I. 
Open burning method Sen and Roy 15 ton Bihar Government 
for 15 tons. plant per ro hours. Pilot plant: (2 
ton per 24 hrs. 
Cost af Nil i Rs. 15,000 (approx.). Rs. 1,500 (actual), 
plant : $ 
Analysis of Fixed carbon 52-29 52:29 52°09 * 
coalused: Volatile matter 26-59 , 26.59 - 2x61 
Ash 19°62 19°62 26-15 
Moisture r°50 I'50 0°82 
Yields : Coke ro tons 1r°25 tons 17-25 cwt, 
Crude tar_ nil 195 gals. 85 gals. 
Distilled tar nil ° 154 35 56 
Gas nil 90,000 ¢.ft. 5500 c.ft. 


Pitch nil 3-4 cwt. 26 Ibs, 
* Tower and Upper Jharia Colliery, Seam No. 10, 
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Open burning method Sen and Roy 15 ton Bihar Government 
for 15 tons. plant per to hours. Pilot plant (x ton 
. per 24 hrs.). 
Cost sheet : 15 Tons of coal @ Cost of coal Rs. 30 ‘Cost of coal Rs. 2 
Rs. 2 per ton: Rs. 30 Cost of fuel at 11% of . ; ’ 
the weight Of coal Cost of fuel at 18 % of 
Labour charges @ Rs. 3-5 the weight of coal 
' -2- per ton of coke Rs. o-§:9 | 


Proceeds : 


Rs. 1-4-0 5 Coolies @ -5-6 a day 
Rs. 1-11-6 4Coolies@ -5-6 a day 
Rs. 31-4-0 4% of Shift Engineer or Rs. 1-6 
' : Mechanic Re: 1-0 
Cost of x ton of soft 4 of Chemical Engineer Supervision Rs. 8 
coke Rs. 3-2-0 Rs. 2-, . 
Depreciation @ 10% Depreciation @ 10% 
If the selling price of on Rs. 15,000 Rs. 42 AS.» -8- 
soft coke at colliery be __ 
taken at Rs. 2-12- as stat- Interest on Rs. 15,000 Interest @ 5% -4- 
ed by the Soft CokeCess @ 5% per annum 
Committee two years Rs, 2-1 Overhead charges As. -2- 
ago, evidently the price... 
of coal used by stack Overhead charges includ- Rs: 12-9-9** . 
burners must have been ing power Rs. 2 
between Re. 1-8- and 
r-lo- per ton. Corres- Rs- 46-3-6 
ponding changes in the ' 
price of coal nnder retort- 
ing conditions would 
show vetv much ,more 
profits, 











Coke 11°25 tons @ Rs. 2-12 (a) Coke 17-25 cwt. @2-12 

per ton Rs. 31 Mose ti ‘ Rs. 2-6 

154 Gals. of distilled tar (Distilled tar 5-6 gals 
fractions (a) Light oil from 8-5 gals. of anhy- 

18 gals. @'-6- Rs. 6-12. drous crude tar) 

(6) Middle oil 47 gals (b) Light oil 0-79 gals. 

@ -4 Rs, 11-12 @ 6- As: -4-8 

zo Tons coke @ Rs. 2-12 {c) Heavy oil 25 gals. (c) Middle oil 2 gals. @ 

Rs. 278 @-3-6 Rs 5-7-6 -4- As. 

(d) Anthracene | oil (d) Heavy oil 2-82 gals. 

64 gals. @ -3- Rs. 12 @ -3-6 As. ~9-I9- 

(e) Pitch 3 ewts. (e) Gas.at the price of 

@ 1-4-0 Rs. 3-12- fuel used “5-9 

‘f\ Gas at the price of (f) Pitch 26 lbs. -5-0 
65 fuel used Rs. 3-5-0 —= 
; Rs. 4-7-3 





Rs. 74-0-6 


* Dedncting the sale proceeds from Rs. 12-9-9, the actual experimental cost 
per ton of coal carbonised, there is an adverse balance of Rs. 8-2-6. Of this, Rs. 8 are the 
salary of ‘two research workers on the pilot plant. A technical plant for treating 
x5 tons of coal per to hours would -require coolie labour to the tune of Rs 1-r11-6, and 
supervision charges of Rs 3 only (vide supra). In other words, asum of Rs 4-11-6 divided 
by 15, ¢.¢., about 5 annas would have been the labour and supervision charges as against 
the actual figure of Rs.9-6. Introducing this corfection in the actual working sheet of ° 
the Bihar Government Pilot Plant,'‘the carbonisation costs including coal would have 
been Rs. 12-9-9 minus Rs. 9-1-0 or Rs. 3-8-9 Or, a profit of Rs. 4-7-3 minus Rs. 3-8-9 or 


Rs. o-14-6 would accrue per ton of coal handled, which is very much more than could be 
expected from ordinary Stack-burning. ne : 
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Taste I. 
Analysis of certain Indian coals and yields of products therefrom. 
I. 2. Ss 
Fixed einen 52-28 62-13 . 61-44 
_ Volatile matter 26°59 28°01 27°64 : 
Ash 19-62 8-48 9°52 
Sulphur o85 0°60 : 0+50 
Moisture 1-50 - -1-38 1-40 
Coke 16-50 cwt, ‘ ; 16-50 cwt. 16°36 cwt. 
Oil | 15-28 gals. 16-01 gals 14°22 gals. 
Gas , - 2495 c. ft, = 18°34 : 2688 c. ft.= 18°98 2627 ©. ft. 20°07 
therms. therms: ' therms. 

Liquor rz-1r gals. 11-11 gals. 12:63 gals. 


The question of fuel economy in the distillation of coal has beaz 
discussed from so many points of view in the past and the economy la: 
been effected to such a fine degree that this does not constitute the maiz 
problem of low temperature carbonisation to any essential extent. Mcr= 
refinements are possible, say, by the introduction of.Bone’s flameles 
combustion. But the real point is the difficult penetration of heat through 
layers of coal, specially, when the latter is in its plastic condition during the 
early stage of distillation. This has necessitated the maintenance of com 
paratively thin layers of coal in the design of most retorts. But taz 
design of coking ovens is to a large extent. bound up with the size of coze 
desired in the end, specially where noe subsequent briquetting is contem- 
plated. Up toa width of 9-11” the coking may be considered complet: 
in 54 hours but if the coal layer is more in thickness, direct or internal 
heating is unavoidable, if stirring is not resorted to. One has to 
choose between mechanical stirring and intertrial heating, according to 
the size of the coke desired. In the 15-ton unit, 18” annular space for the 
outer cylinder does not appear to be excessive in view of the fact that bock 
surfaces of this annular are constantly receiving heat. Besides, it is possitl= 
to divert a part of the gas from the inner retort to the outer one for heating 
by its sensible heat or by the heat of combustion with a limited supply ofa r ° 
The chief feature of the process, however, is the provision of a larger heating 
surface, as much as one square foot per 8 Ibs. of coal per hour as against thz 
usual practice of 15 lbs per square foot per hour. This would considerably 

. overcome uneven coking, specially, if the annular fuel space is used as a pro- 
ducer and the combustible gases produced here are burnt around or allowed 
to circulate through the outer cylindrical retort before entering the chimne7. 
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It would further be noticed that no ammonia recovery plant has been 
taken into consideration, for the simple reason that it would not pay smaller 
carbonisation plants to recover the much smaller amount of ammonia in the 
‘distillation liquor and the gas. Low temperature carbonisation of coal 
yields 5 to 10 lbs. of ammonium sulphate per toil of coal carbonised. 
Roy, De and Guha (Jf. Indian Chem. Soc. Ind. News Ed., 1938, 1, 48) - 
have in their most important investigation on Indian coals studied 
this point exhaustively in the case of some of the important Bengal 
coals. Coals with high volatiles yield higher quantity of ammonia, but 
this is by no means general. From the by-product point of view, coal 
under 20% volatiles is practically useless, both as regards tar and ammonia 
yields. The medium temperature carbonisation raises the yield of ammonium 
sulphate to 20-22 Ibs. per ton of coal, but there is a definite fall in the ; 
tar yield and change in the characteristics of the tar oils, e.g., in the 
phenol-neutral oil ratio, and yield of anthracenes. 

‘Thus the specific requirements of the industry should determine the 
‘type of carbonisation, and the recovery of by-products would constitute 
an essential economy. If soft coke, i.e., smokeless fuel is the object, the 
recovery of ammonia is not so important as the processing of the tar. 
But if power production by steam turbines is the goal, a combination of 
low temperature carbonisation with subsequent Mond gasification of the 
soft coke would appear to be the most rational way of coal treatment. In 
this combined scheme, both the tar oils as also the highest quantity of 
ammonia are realised. ‘The background of soft soke as a rational 
fuel remains as sound as ever, as power producers could make soft 
coke the starting point for Mond, gasification and recover as by-product 
this extraordinarily high quantity of ammonia. From a critical examina- 
tion of this process of heating gas production, it could be shawn that at 
the mouth of the pit, electric power could be generated at as low a figure as 
o'082 annas or 0'984 pies per unit. ; 

Low temperature carbonisation plants have been quoted jat from abroad 
between Rs. 150 and 3500 per ton of coal carbonised per day. There is no 
doubt that by manufacturing the plants in India, a considerable saving on this 
head could be possible, ensuring thereby larger margin of profit. If the 
1°2 million tons of coal that are annually coked to-day to produce about 
800,000 tons of soft coke, were distilled in retorts with no more refinement 
than the collection and fractionation of the tar, we should be saving at 
least roX1r'2=12 million gallons of liquid fuel per year. Its general 
adoption as a measure for the rational treatment of coal would for many 
years place a source of liquid fuels and manure in our hands which we are 
at present losing through lack of ordinary organisation. 





COMPONENT GLYCERIDES OF VEGETABLE FATTY OILS. 
' PARTI. NIGER SEED OIL. 


By N. L. Vipvartar AND M. VENKATESH MALLYA. 


- The fatty oil extracted from the seed of Guizotia abyssinica (Niger seed) has been 
found to contain myristic acid (along with some capric, caprylic and lauric acids) (1°7%), 
palmitic acid (5%), stearic acid (2%), oleic acid (38-9%) and’ linolic acid (51°6%) along 
with traces of archidic, behenic and lignoceric acids. 

The glyceride structure of the oil has been determined by brominating the neutral oil, 
resolving the brominated solid and liquid products into anumber of simpler fractions 
and estimation of the fatty acid composition of the different fractions. The component 
* glycerides of the oil have been found to be trilinolin (2%), oleo-di-linolin, (40%). di-oleo- 
linolin (30%), myristo-di-linolin (2%) muyristo-oleo-linolin (3%), palmito-di-linolin (6%), 
palmito-oleo-linolin (11%), stearo-di-linolin (2%) and stearo-oleo-linolin (4%). 


The methods adopted by Hilditch et al. (J. Soc. Chem. Ind., 1938, 87, 
44) for the determination of glyceride structure of solid seed fats cannot 
be adopted for the liquid fats, because they do not contain any, appreciable 
quantity of di- or tri-saturated glycerides. Up till now there ‘has been no 
satisfactory method for the study of the fully unsaturated glycerides. With 
a view to explore a satisfactory method for the quantitative estimation of the 
triolein in natural and synthetic fats, Hilditch and Griffith (J. Chem. Soc.," 
1932, 2315) converted oleic acid into elaidic acid. But they found that only 

66% of the acid could be converted to elaidic acid when the equilibrium 
was attained and the process could not bé used for any quantitative Ww, ork. 

Hilditch and Jones (J. Soc. Chem. Ind., 1934, 53, 13'r) examined ‘the 
glyceride structure of a number of technically important fatty oils by the 
fractional crystallisation of the fully hydrogenated oils from different sol- 
vents. ‘his method does not throw any light upon the association of the 
different unsaturated acids in the glycerides. 

Suzuki and Yokoyama (Proc. Imp. Acad. Tokyo, 1927, 8, 529) and 
Hashi (J. Soc. Chem. Ind. Japan, 1927, 30, 849 ; 1928, 31, 117). brominated a 
number of vegetable and fish oils and determined the glyceride composition 
of these oils by the fractional crystallisation of the solid bromo-glycerides 
from different solvents. They could not examine the liquid bromo-glycerides, 
which are the products of bromination of the glycerides containing mono- 
and diethylenic acids. Stein and Ulzer (Chem Zentrl., 1928, II, 1337) and 
Sahashrabudhi and Kale (J. Univ. Bombay, 1932, 2, 37) have brominated 
Niger seed oil and they have reported some qualitative resyilts, 


The present work has been taken up with a view to find out a method 
for the quantitative estimation of the component glycerides of the fatty oils, 
and it has been found that the quantity of fully unsaturated and di-unsatu- 
rated glycerides containing mono- and diethylenic acids can be determined 
from a fatty oil by resolving the liquid bromo-glycerides into a number of 
simpler fractions by extraction with different solvents. The method has 
been tried upon the Niger seed oil and a number of other vegetable fatty 
oils is being studied by this process. The method is described here in 
brief. 

The component fatty acids of the oil are determined bythe usual method 
of lead salt separation, ester fractionation and hexabromide estimation. Then 
the neutral oil is dissolved in 6 times its weight of dry acetone and crystallis- 
edato°®. Any fully saturated or disaturated glyceride will crystallise out. 
The quantity of fully saturated glyceride in the oil is determined by 
successive oxidation of the neutral oil in acetone solution (Hilditch and Lea, 
]. Chem. Soc., 1927, 3106). The neutral oil or the glyceride, from which 
‘ully saturated and disaturated glycerides have been separated out, is dissolv- 
ed in low boiling petroleum ether and brominated at 0°. The solid and 
liquid bromo-glycerides are further resolved into a number of fractions with 
yenzene, acetone,alcohol and acetone and alcohol mixture (x: 1). All the 
‘ractions are debrominated, the component fatty acids are determined and 
‘he amount of the various glycerides in the fractions is calculated. 


Niger seed oil has been found to consist of the following glycerides : 
[ri-linolin (2%), myristo-di-lmolin (2%), myristo-oleo-linolin (3%), palmito- 
li-linolin (6%), stearo-di-linolin (2%), palmito-oleo-linolin (x1%), stearo-oleo- 
inolin (4%), di oleo-linolin (30%) and oleo-di-linolin (40%). Palmito-glyce- 
ides contain the small quantity of lauric, and other lower acids and _ stearo- 
rlycerides contain the archidic, lignoceric and behenic acids. 


The neutral oil was hydrogenated in presence of nickel catalyst suspen- 
jed on kieselguhr by agitation process to two stages, one to the iodine 
zumber of 1°8 and the other to the iodine number of 27°2. The former one 
rave 75°3% of tristearin on crystallisation from ether ato° and the latter 
me gave 51°2% tristearin in 76°2% of fully saturated glycerides, on making 
Jlowance for the non-saponifiables of 2°4% in the oil. The amount of Cis 
dycerides calculated in the oil is about 77°3% and the remaining 20°8% 
££ the glycerides contain at least one acid having less than 18 carbon atoms 
nthechain. It agrees fairly well with the results obtained from the 
yrominated glycerides. 


The oleic and linolic acids, being the major component acids, have 
listributed themselves evenly in the glycerides. 
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EXPERIMENTAL. 


Finely crushed seeds of Guizotia abyssinica (Niger seed, N.O.'Composi- 
tae) were extracted vaith carbon tetrachloride. The oil, golden yellow in 
colour, was 40% on the weight of the seeds and had the following physical 
and chemical constants (cf. Crossby and Sueur, J. Soc. Chem. Ind., 1898, 27, 
got ; Bolton, ‘‘ Oils, Fats and Fatty Foods,’’ p. 299). 


Taste I. ; 

Sp. gr. at 28° vie is as ve ee 0-0475 
Refractive Index at 25° ... aoe ast Seo see 1+472 
Sapon. value bes wee ed aes ae 189-7 
Todine value ish oe es oe we 129°2 
Acetyl value oes aes on on nes 198 
Free fatty acids (9% as Oleic acid) £2 ; vee Sea 4°27 
Non-saponifiables ses is see sae + aes 3°65% 


Component Fatty Acids of the Oil.—44o G. of the oil were saponified and 
the non-saponifiables of the oil were extracted from the sbap. ‘The mixed 
acids, liberated from the soap, were subjected to the usual procedure of lead 
salt, alcohol and ether separation. The resulting acid fractions were con- 
verted into methyl esters and fractionally distilled under a pressure of 
o'2 mm. as given in the following tables. 


Tasie II. 
Wt. =‘ Percentage. Saponification Todine 
equivalent. . value. 
Oil 440 g. eas 295°5 129'2 
Mixed acids (free from-non-sap.) 403 gr7. 281'5 129-4 
(A) Acids from alcohol- 233 57°5 281-3 12 
. soluble lead salts ; : 
(&) Acids fromether- — 98-5 24°6 arr! 143-2 
soluble lead salts g 
(S) Acids from insoluble “ 9a65 - 17-9 273-2 ' 52°42 
lead salts : 
Esters of A . 294-2 ; 147'0 
Esters of E° 204-7 I4r’x 
Esters of S 286-9 52°35 
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3. 


Tasty ITI. 


Fractional distillation of esters A. 


Stillhead. Weight. Sapopifica tion Todine 
equivalent. value. 
60-120° 32 g- 186-6 54°68 
120-135° 46 230°0 80-23 
135-143° 6-8 287°0 124-8 
T4I-145° 476. 292°4 147°9 
is 45 295°4 155+1 
I45-150° ATI 204°3 150-7 
I52-155° 32-0 294-3 1576 
1§5-160° 16-6 204-7 150-2 
160-190° 78 204.6 ° 120-4 
— 24:8 309°T : I21-0 


. 


; fraction Ag, contained 14% of non-saponifiables and the correctcd 
és ; 


\ 


Taste IV. 
Fractional distillation of ester E. 


72-145 ° 53 292-5 127°9 


145-147° e  3°0 2926 142-2 

I47-152° 10-5 2928 Y5I°0 

152° 6:2 296-8 138-5 

- 12-4 295°8 139°0 
TABLE V. 


Fractionation of ester S. 


90-140° 56 g. 262°3 45-2 
140-142° 12°E 280-5 ; ! 35°12 
142-143" 12-0 282°6 55°82 
146-150° Ia-4 291-7 66-19 
150° 35 207 49-74 


~ 79 307-T 49-60 
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Laurie acid (m.p. 42°), myristic acid (m.p. 52°), palmitic acid (m.p. 62°) 
and stearic acid (m.p. 62°) were identified from the various fractions by 
their mixed m.p. with authentic samples. By the oxidation of the fractions 
of the liquid acids ine alkaline permanganate (Lapworth and Mottram, 
J. Chem. Soc., 1925, 127, 1678), dihydroxystearic acid (m:p. 130°) and two 
tetrahydroxy acids, one melting at 154° and the other melting at 174°, 
were identified. : 

The residue S, from the solid esters gave three acids melting at 72-73°, 
81-82°, and 75-76° having the saponification equivalents of 316°2, 342°2 and 
366'6 respectively. The second one, melting at 81-82°, was identified to be 
behenic acid. The other two had lower melting point for straight chain 
archidic and lignoceric acids, though their equivalents are fairly correct. As 
these acids have been found to be present in vegetable fats in branched chain 
forms these have been considered to be branched chain archidic and ligno- 
ceric acids: 

By steam distillation-of the splitted up soap of the oil 07% of 
steam-volatile acids was obtained, which on estimation of barium 
‘from their barium salts were found to be a mixture of capric and 
caprylic acids. (Found: Ba, 62.8 and mean M. W., 163'1. Calc. for 
CyoH2,02 : Ba, 54 per cent and C,H,,0, : Ba, 46 per cent. Equivalent, 162°1). 
On bromiuating the mixed acids of the freshly extracted oil-in ether no 
hexabromide was obtained. Hence the oil does not contain any linolenic 
acid. From these observations the component fatty acids of the glyceride 


of Niger seed oil have been calculated as given in Table VI. 
+f - 


Taste V4. 
: " % on mixed acids. 
In A. In E. In S. ——_-——_—— 
, : %by wt. Mol. %. 
Acids. 57°5% 24°6% 17°9% ; 
Lauric, capric, caprylic and 08 nil o-9 17 1-9 
myristic acids 
Palmitic acid o3 _— 47 e 50 5°6 
Stearic acid —_ -_ “Qe 21 2°0 
Archidic, behenic and ligno- _— — 0-2 o2 ' trace 
ceric acids ‘ 
Oleic acid 20°5 89 Io°o 389 | 389 
Linolic acid ; 35°9 15°7 — 516° 51°6 


Component Glycerides.—The oil from Niger seed was rendered neutial 
by treating with sodium carbonate and filtered through decolourising 
charcoal. 
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The oil (ror'2 g.) was dissolved in 600 c.c. of diy acetone and left 
overnight at o°. Nothing precipitated out and hence the oii does not 
contain any appreciable quantity of any disaturated glyceride. 490 C.c. 
more of acetone were added to the solution and it was oxidised thrice with 
powdered potassium permanganate. Finally it gave r°2 g. of neutral 
product, which was found to be only non-saponifiables, and the oil was 
found to have no fully saturated glycerides. 


The neutral oil (100°3 g.) was dissolved in one litre of petroleum ether 
and cooled down to —5°. Bromine was added slowly till the whole solution 
was permanently brown. It was left overnight at 0°, the precipitate was 
filtered off and washed with chilled petroleum ether. It was further 
resolved into two fractions by crystallisation from alcohol. From the 
filtrate the excess of bromine was washed off with sodium thiosulphate 
solution and on evaporating off the solvent a viscous liquid was 
obtained. It was successively extracted with alcohol, alcohol and acetone 
mixture (z:1) and acetone. Four fractions, three soluble in the solvent 
and one residue were obtained. The general scheme of separation is shown 
in Table VII. 


TaRLe VII. 


‘ 


Neutral oil (100°3 g.) 
Brominated in petroleum ether. 


| 
Soluble. 








Insoluble. 
Crystallised from Extracted with 
alcohol - . alcohol 
i | | 
(F,) : Insoluble (Fy): Soluble Insoluble Soluble (Fs) 
4°4 g. (m.p. 78°). 17°5 & | (289 g.) 
tsemi solid) Viscous liquid. 
° Extracted with alcohol and acetone mixture (1 :1). 
| | 
Insoluble. (F4) : Soluble (47g.). 
Extracted = acetone Viscous liquid. 
| | 
(F) :Soluble (389 g.). (Fs) :Insoluble (48°7 g.). 
Viscous liquid. Viscous liquid. 


All the fractions were debrominated by boiling with zinc dust and 
hydrogen chloride in methyl alcohol solution. The debrominated products 


s 
‘ 
x 
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were saponified and acids were liberated after extracting the non-saponi- 
fiables. The quantity of individual acids was estimated in each fraction 
by determining their saponification equivalents, iodine values and 
thiocyanogen values. The quantity of saturated acids being too small in 
these fractions for estimating the amounts of individual acids, they were 
considered as one and their mean molecular weight was determined on 
extracting with petroleum ether the oxidation products of each fraction 
with alkaline potassium permanganate. 

F, was obtained im a small quantity. Instead of subjecting” it to the 
same procedure its bromine content was estimated according to the method 
of Bacons (Chem. News, 190), 99, 6). It was found to be a triglyceride of 
tetrabromo-iinolic acid. (Found: Br, 52°02. Calc. -for C;,H,g0.Briz : Br, 
49.63 per cent). ‘The analytical results are given in Table VIII. 


. 





Tas. VIII. 
FE, Fy. Fs. Fy. FE Fe 
Weights (in g ) ove - 44 75 28-9 471 38°9 48°7 
Saponification equivalent vs —276°7 278-2 2820) By 2819 
Iodine value ’ Be om 1206 92°70 -2t-7—-147°4 «1476 
Thiocyanogen value oe oo 61-3 _ 5970 gor 90-0 go'r* 
Weight of debrominated material ... 21  10°0 17'5 26°4 448 _ 
(as glycerides and non-sap.) : 
Weight of non-saponifiables +» O08 = 0-002 O09 0-225 0803 
% of glycerides (free from non-sap.} 2-0 10-0 I7'4 26-2 44-4 
Saponification equivalents of the _ 264°2 2584 _ _ 


saturated acids 


* As the fractions 5 and 6 gave almost similar analytical figures, they were combined 
and considered as one fraction. 


Taste IX. 


Mol. % of the acids in each fraction. 


F. Fy. F;. Fy. F;. Mean. 
Acids fees we 2% 10% 174% 262% 44% — 
Saturated acids at, wo 32 ' 33°5 ok am 92% 
Oleic acid et oo, 2 30°4 656 ' 37-4 39°7 


Linolic acid ae se > 100 66 361 "34g 62% 51-7 
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TasLe IX (contd.). | 


: acids in the fractions on total acids. 
F. Fp Fy. F, Fs Mean, 
“oo 33% §:86% ° — — 9'16% 
_ 0-2 5°27 17-05% 166% 39°12 
20% = 5 5:27 915 278 51°72 
tin the experimental limits with the component 
ied from the oil direct. 


he component glycerides of the Niger seed oil 
iin Table X. 


TABLE X. 
F,. Fh °F Fy Fs  Tofal in 
the oil. 
2% 10% 174% 26:2%  — 444% ~~ 100% 
Nil | Nil Nil Nil Nil Nil 
ions 93 is _ —_— 10:8 
ay o-6 59 —_ — § 165 
= gare = 252 5°4 - 30°5 
= = —_ rr 39°0 40eX 
2°0 ‘0 I _ a a 21 


he neutral oil with potassinm permanganate in 


he neutral oil from acetone at 0°. 
it fatty acids of the brominated fractions. 


ive been considered as one acid in calculation of 
turated acids are combined in the glycerides of 
ed-diunsaturated glycerides, the assumption that 
ortionately divided in mono-saturated-dilinolin 
n glycerides will not be incorrect. From the 
curated acids in the oil, the component glycerides 
given in round figures as—trilinolin (2%), 
olin (30%), myristo-dilinolin (2%), myristo- 
inolin (6%),palmito-oleo-linolin (11%), stearo- 
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dilinolin (2%) and stearo-oleo-linolin (4%). ‘The myristo-glycerides will 
contain small quantities of lauric, capric and caprylic acids which are about 
2% and the stearo-glycerides will contain small quantity of archidic, behenic 
and lignoceric acids which will be less than 1%. 

Glyceride Composition by the Progressive Hydrogenation of the Oil.— 
The neutral oil was hydrogenated in presence of nickel catalyst, suspended 
on kieselguhr by agitation at 140° till it was saturated (lodine value 1°8). 
On crystallisation from -.éther at 0° it gave 75% of tristearin, melting 
at 71°, and had saponification equivalent of 297°6. Another portion of the 
oil was hydrogenated in the same way to an iodine value of 27°2. It gave 
76%.of fully saturated glyceride on successive oxidation with potassium 
permanganate in acetone. The fully saturated glyceride contained 2°4% of 
non-saponifiables. On crystallisation from ether the hydrogenated product 
gave 516% of tristearin. According to the observations of Hilditch and 
Bushell (J. Chem. Soc., 1937, 1767) during the process of hydrogenation, 
the glycerides having one or more acids containing less than 18 carbon 
atoms are saturated before the glycerides containing acids with 18 or more 
than 18 carbon atoms. In accordance with this view the observation of the 
hydrogenated products of Niger seed oil shows that it must contain 
about 22°8% of the glycerides having at least one acid’ with less than 18 
carbon atoms in the chain and the rest 77°2% of the glycerides must be only 
tri-C,, glycerides. This observation is in agreement with the glyceride 
composition obtained by bromination. 
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THE FATTY OIL FROM THE SEEDS OF BAUHINIA 
~ VARIEGATA, LINN. 


By S. V. PonTaMBEKAR AND S. KRISHNA. 


The oil from the seeds of Bauhinia variegata Linn, consists of the glycerides of 
myristic, palmitic, stearic, lignoceric, oleic and linoleic acids together with the phytoste- 
trol, sitosterol, commonly found in the vegetable fats. 


Bauhinia variegata Linn, known as Kachnar in Hindi, is a moderate 
sized deciduous tree (N. O. Leguminose) of the sub-Himalayan tract from 
Indus eastward. It is often cultivated both as an ornamental tree and 
for its flowers which are eaten as vegetables. The pods are 6-12" by #''-rt 
with 10-15 seeds which contain the fatty oil. 

Fatty oils of the allied species B. esculenta (Bray, Analyst, 1921, 46, 
gor) and B. purpurea (Kafuku and Hata, J. Chem. Soc. Japan, 1934, 55, 
369) were worked for their physical and chemical constants and B. 
purpurea oil was shown to consist of the glycerides of myristic, palmi- 
tic, stearic, archidic, oleic and linoleic acids. The constituents of the oil 
from the seeds of B. variegata are now reported for the Lrst time 


EXPER*IMENTAL, 


The seeds of B. variegata were collected locally at New Forest, Dehra 
Dun. They consisted of 20% of endocarp and 80% of kernel which yielded 
165% of a pale yellow fatty oil when extracted with petroleum ether ‘and 
61% of it when expressed (hot expression) in a hydraulic press. The 
constants given below are for the sample of the oil obtained by hot ex- 
pression. 


Physical and Chemrcal Constants. 


(The Fatty Oil). 


Consistency thin Sap. value ow. = - AITO 
Sp. gr. at 30° +. 0°9206 Acid value ww §=6.2'8 
Refrac. index at 30° we 174603 Hehner value ' +. 92°0 


Jodine value (Hanus) sa OE3 Unsaponifiable matter .. 1°6% 
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Mixed acids. 


ee 
Mean M.W. _ 204 Sat. acids _ nee 32°3% | 
Todine value (Haunts) ve 93°2 Unsat: acids ° Paks 69"7% 


o 


Composition of the Mixed Fatty Acids, ° 


The oil (r20 g.) was saponified in the usual manner with alcoholic 
sodium hydroxide. After distilling off alcohol the resultant soap was 
dissolved in water and the mixed acids liberated by the addition of strong 
hydrochloric acid. These were washed with warm water and neutralised 
with a 10% solution of sodium hydroxide. The soap solution was evapo- 
rated, incorporated with washed filter paper pulp and the resulting mass 
was dried, powdered and extractéd with ether in a Soxhlet to remove the 
unsoponifiable matter. "he mixed acids were liberated from the residual 
soap and purified in the usual manner. 

The mixed acids (85 g.), free from the unsaponifiable matter, were ° 
separated into. solid and liquid acids by T'witchell’s lead salt method 
(Ind. Eng. Chem., 1921, 18, 806) and were found to possess the following 
constants. 


Acids Todine value. Mean M. W. Net weight. 
(S) Solid 2°55 272'2 27°5 & 
e 
(L) Liquid 65°60 507°5 _  57°5 & 


The low iodine -value,and the high mean M. W. were evidently due to polymerisa- 
tion of the liquid acids as a result of their standing in. contact; with the laboratory } 
atmosphere for some time. 


‘ 


Solid Acids (8). 


‘The solid acids (27'2 g.) were dissolved in 200 c.c. of methyl alcohol ° 
containing 3°5% of dry hydrochloric acid and the solution refluxed for 
shours: Methyl alcohol was distilled off and the resulting methyl esters ° 
were washed with saturated salt solution, water and 5% sodium carbonate 
and finally with water. After drying under vacuum, 27 § of the ae 
were distilled at 6 mm. into the following recat: 
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x 


Component methyl esters 


Fractions. — B.p. Mean M.W. “Net wt. Myristate. Palmitate, Stearate, _Lignoce 


(of the acids) "! Prat . ratet 
S 172° 247'6 log. o'8 0'2 = a 
S: 172-75° 269°3 125 _ 12°§ = —_ 
Ss 175-78° . 2870 “ate ee ea 2°I = 
So, 1178-82" ..  294°0 ‘3°0 _ — . 30 _ 
S| Basket 296'0 60° _—" — . ,2 60 ett 
Residie -. — . ~ 8 = 2 fs ve Ss 8 
Loss a _ on 7 —- - ee ~ 
Total S Oe ’ . —_ 27° “o'g “y4"t : ie % o'8 me 
Per cent. : = — scord 7 3 — 52°6 404 : a 


All these fractions were separately saponified: and the corresponding 
acids were liberated and dried in the usual mafner. ; 


Acids from fraction $i on crystallisation from dilute acetone: gave a~ 
product melting at 53°. Its mixed melting point with an - authentic sample: 
of myristic acid was 52-54°. From the mother-liquor on evaporation and~ 
drying a product (mean'M. W. 259) was obtained. The fraction, therefore, 
appeared to be mostly myristic acid accompanied with some palmitic acid. 


Acids from fraction S, on crystallising twice from dilute acetone gave 
a product, m.p. 62-63°, M.W. 258. Its mixed melting point with an 
authentic sample of palmitic acid remained unchanged. The mother-liquor 
on evaporation and drying yielded a product, M.W. 259. ‘he fraction was 
thus almost entirely palmitic acid. : 

Acids from fraction S; on crystallising thrice from acetone gave crystal; 
m.p- 67-68°, M.W. 281. Their mixed melting point with a pure sample of 
stearic acid remained unchanged. From the mother-liquor a product (M.W. 
260) was obtained. It thus appeared that the fraction consisted of palmitic 
and stearic acids. 

Acids from fra ctions IV and V being similar (mean M.W. 280 and 282) , 
were mixed together and crystallised twice from acetone giving crystals, 
m.p. 67-68°, M.W. 283. Their mixed melting point with an authentic 
sample of stearic acid did not show any change. The residue from the . 
mother-liquor had a mean molecular weight of 285° 6. | The fractions thus | 
entirely consisted of stearic acid, 


noe 
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Acids from the undistilled residual esters after three crystallisations 
from acetone gave a product, m.p. 75-76°, M.W. 369°2. Its mixed melting 
point with a sample of pure lignoceric acid showed no change. ‘The acid 
was, therefore, ligmoceric. The mother-liquor being highly coloured and 
the amount of dissolved acid being small, it was not examined further. 


* 


Np tno ; Liquid Acids. 


1 

_ Oxidation.—The liquid acids were saponified to break up any ethyl 
esters ‘which might have been formed -during the 'witchell’s separation. 
A portion of the de-esterified “acids was converted into potassium 
soaps and oxidised in cold alkaline solution with dilute potassium 
permanganate according to the modified method of Hazura (Lewkowitsch, 
“Chemical Technology and Analysis of Oiis, Fats and Waxes,’ 6th Ed., 
Vol. I, p. 575). From the precipitated oxidised acids, dihydroxystearic 
acid, m.p. 131-32°, M.W. 315, and the tetrahydroxystearic acid, m.p. 
155-50°, M.W. 350, were isolated and identified. The filtrate yielded azeleic 
acid, m.p. ror-2°, M.W. 186, and caproic acid, M.W. 116, indicating 
that the oxidation of oleic and linoleic acids present in the liquid acids had 
partly proceeded to rupturing the double bonds between fhe 9 and 1o carbon 
atoms in the case of oleic acid and the double bonds between the 9 and 10 
and 12-13 carbon atoms in the case of linoleic acid. 

Bromination.—Freshly prepared mixed acids (1°6581 g.) were brominated, 
according to the method of Eibner and Muggenthaler (Lewkowitschl, 
loc. cit., p. 585) yielding 2°5441 g. of, the brominated product (theoretical 
yield 2°6375 g.) but no hexa-or higher bromides. Crystallised. from petro- 
leum ether the brominated product gave white needles (m.p. 113-14°, M.W, 
595) which were evidently those of tetrabromostearic acid, m.p. 113-14°, 
M.W. 600. ‘This was confirmed by the mixed melting point with a 
sample of pure tetrabromostearic acid from other sources. ‘The oxidation 
and bromination results thus clearly showed that the liquid acids consisted 
of only oleic and linoleic acids. 

The above data on calculation gave the percentage of the constituent 
acids as follows :—myristic (1%), palmitic (17%), stearic (13°4%), lignoceric 
(x%);, oleic (31°8%), and linoleic (35°9%). 


Unsaponifiable Matter. 


The unsaponifiable matter, obtained from the sodium soaps of the 
mixed acids by extraction with ethyl ether, when crystallised from 95 % 
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, alcool -gave white’ plates,.m.p. 125:26°, which on’ recrystallisation from 


‘the samé solvent melted: at. 131-32° 
‘liquor ‘on. concentration yielded plates, m.p. 125-26° (acetate, m.p. 124-25°). 
‘The unsaponifiable matter thus appeared to contain the common phytosterol, 


(acetate, m.p. 124-25°). The mother- 


sitosterol, found-in.many vegetable fats. . The residue burnt with a‘ smoky 
flame aud was insoluble in concentrated sulphuric acid and, therefore, 
appeared to consist mostly of hydrocarbons. The quantity was, however, 
small for further examination. 


i. 
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STUDIES IN DEHYDROGENATION. PART V. 


“By Surges CHANDRA SEN-GUPTA. 


The syntheses and selenium dehydrogenation of tetrahydrophenanthrene-2 :2-spiro- 
cyclopentane and 9-methyltetrahyd:ophenanthrene-2 - 2-spiro-cyclopentane have beer 
described The former on dehydrogenaticn gives chrysene and the latter forms 3-methy] 
1 :2-benzanthracene 


In a previous paper (J. Indian Chem. Soc., 1939, 16, 349) an explanation 
of the mechanism of ring transformation of cyclopentane-spiro-hydrocarbons, 
during selenium dehydrogenation, had been offered. The results now 
obtained by the dehydrogenation of tetrahydrophenanthrene-2 : 2-spiro-cyclo- 
pentane (V, R=H) and 9-methyltetrahydrophenanthrene-2 : per 
pentane (V, R=Me) go to support the former view. 

‘Ihe spiro-hydrocarbon {(V, R=H) has been synthesised readily by the 
following steps. The anhydride of cyclopentane-1-carboxy-z-acetic aci¢ 
coudenses with naphthalene in presence of anhydrous aluminium chloride 
giving a mixture of two isomeric keto-acids. ‘hey are separated by frac- 
tional crystallisation and purified through the methyl e8ter. The. lower 
melting keto-acid gives o-naphthoic acid on oxidation with sodium hypo- 
bromite and, therefore, it is oa-cyclopentane-8-1-naphthoylpropionic aci¢ 
(I, R=H), 

R 
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whereas 6-naphthoic acid is obtained from the less fusible one, which is, 
therefore, the 8-2-naphthoyl acid (I). The position of the cyclopentane ring 
has been assumed from an analogy with the constitution of the keto-acids 
obtained by the condensation ofthe anhydride of cyalopentane-1-carboxy-r- 
acetic acid with benzene and its homologues (loc. cit. p. 350). The keto-acid 
(I, R=H) on reduction by the Clemmensen method gives aa-cyclopentane-y- 
i-naphthylbutyric acid (11I, R=H), which is cyclised with 85% sulphuric 
acid to 1-keto-1 : 2: 3 : 4-tetrahydrophenanthrene-2 : 2-spiro-cyclopentane 
(IV, R=H). This spiro-keto compound on reduction by the Clemmensen 
method yields the spiro-hydrocarbon, 1 : 2: 3: 4-tetrahydrophenanthrene-2:2- 
. -spiro-cyclopentane (V R=H). The latter on selenium dehydrogenation 


Nv | Ns Cy CH, OO. a 


= sel) CL: 
\/e c=] He Vy cK | i 
Pe “ . J - 


(IV) (V) (VI) 


HC 


gives only chrysene. It is quite likely that traces of 1 : 2-benzanthracene 
(VI, R=H) that might have been, formed had escaped detection. . 

In a similar maner the spiro-hydrocarbon (V, R=Me) has also been 
synthesised. ‘The anhydride of cyclopentane-1-carboxy-1-acetic acid conden- 
ses with a-methylnaphthalene, forming only one keto-acid. The keto-acid 
on oxidation with sodium hypochlorite gives 4-methyl-1-naphthoic acid and 
hence it is .a-cyclopentane-G-(4-methyl)-1-naphthoylpropionic acid (I, 
R=Me). As noted before (J. pr. Chem., 1939, 152, 11 ), due tothe presence 
of a methyl group in para-position to the keto group, the reduction of the 
keto-acid (1, R=Me) to oa-cyclopentane-y-(4-methyl)-1-naphthylbutyric acid 
(II, R= Me) could only be accomplished when the low melting methyl 
ester of the keto-acid was used for reduction. On cyclisation with 85% sul- 
phuric acid the naphthylbutyric acid (IJ, R=Me) gives 1-keto-g-methyl- 
1:2:3: 4- tetrahydrophenanthrene-2: 2-spiro- cyclopentane IV, R=Me). 
This spiro-ketone on reduction by the Clemmensen method gives 9-methyl- 
11213: 4-tetrahydrophenanthrene-2:2-spiro-cyclopentane (V, R=Me). Curiously 
enough the ring transformation during the dehydrogenation of this spiro- 
hydrocarbon leads tothe preferential formation of the linear anthracene 


e 


STUDIES- IN DEHYDROGENATION "103 


derivative, 3-methyl-z : 2-benzanthracene (VI, R= Me) inctese of the angu- 
lar chrysene derivative. 


ExPERIMENTAL. 


aa-cycloPentane-B-1-and «c-cycloPentane-B-2 -naphthoylpropionic Acids 

(I, R=H and ).—A mixture of the anhydride of cyclopentane-1- carboxy- 

r-acetic acid (31 g.) and naphthalene (40 g.) was slowly added toan ice-cooled 
solution of aluminium chloride (52 g.) in nitrobenzene (x50 c.c.). The mix- 
ture was kept in the ice-bath for 4 hours and then at the room temperature 
for 12 hours. The product was decomposed with ice and hydrochloric acid 
and nitrobenzene and excess of naphthalene were distilled off in steam. ‘The 
solid product was extracted with sodium carbonate solution, from which the 
mixture of keto-acids separated on acidification. This was thoroughly 
washed with hot water and crystallised from glacial acetic acid. The first 
crop recrystallised from alcohol (charcoal) in colourless needles, m.p. 
tgo-91°,' yield 2'r1g. (Found: C, 76°5;H, 64. CisH.gOs requires C, 
76°6 ; H, 64 per cent). The acetic acid mother-liquor was diluted with 
three times its own volume of hot water, boiled with animal charcoal and 
filtered. ‘Ihe keto-acid, that separated out on cooling, was repeatedly crys- 
tallised from spirit, in-p. 135-40°.. This impure acid was converted into the 
methyl ester by. methyl alcoholic hydrogen chloride. ‘The solid methyl ester 
after repeated crystallisation from petroleum ether (b.p. 50-60°) gave the pure 
substance, m.p. 69-70°, yield 5°5g. (Found: C, 77°0; H, 6'7. CyHooOs 
requires C, 77°0; H, 68 per cent). Tite lower melting keto-acid was 
obtained in a pure condition by the hydrolysis of the methyl ester and was 
crystallised from rectified spirit in fine needles, m.p. 140-41°. (Found: C, 
76'58; H, 6°35. CygH sO requires C, 76°6 ; H, 6°4 per cent). 

The methyl ester of the higher melting keto-acid, prepared by methyl 
alcoholic hydrogen chloride, crystallised from petroleum ether (b.p. go-100°) 
in prismatic needles, mp. 109-10". (Found: C, 76°8;H, 6'9. CisH20Os. 
requires C, 77'0 ; H, 6°8 per cent). 

Oxidation of the Keto-acid (m.p. 190-91°) with Sodium Hypobromite. 
Solution.—The keto-acid (0°5 g.) was dissolved,in 10% caustic’ soda solution 
and treated with sodium hypobromite solution (15 c.c. of bromine and 
150 c.c. of 10% caustic soda solution) first in the cold and then warming on 
the water-bath for x1 hour. The solution was filtered and acidified with 
sulphurous and sulphuric acids. The separated solid was crystallised from 
Spirit in needles, m.p. 182° (mixed m.p. with 8-naphthoic acid). 
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. The -oxidation of the keto-acid ach. 140-41°) was carried out in a 
Siinilae manner and the naphthoic acid, so obtained, after crystiallisation 
from spirit meltéd at 160° (mixed m.p. with a-naphthoic acid). : 

ao-cycloPentane-y-1-naphthylbutyric Acid (III, R=H).—o0-cyclo- 
Pentane-8-1-naphthoylpropionic acid (6 g.) was.gently boiled with amalga- 
mated zinc (30 g.) and hydrochloric acid (30 c-c.) for 24 hours. ‘The product 
was-extracted with ether, -ether rémoved and the residue’ purified by 
extraction with sodium carbonate solution and precipitation with hydrochlorié 
“ acid. ‘T’he pasty mass, thus obtained, distilled above 200° under high vacuum . 
as a-thick liquid. The distillate on cooling and stirring ‘with petroleum 
ether (b.p. 50-60°) readily solidified. It was crystallised from petroleum’ 
ether (b.p. 50-60°) in needles, m.p. 108-9°. (Found: C, 80°4; BH, OR 
CyeHaoO2 requires C, 80°61 ; H, 7°46 per cent). ae 

1-K eto-i:2:3:4-tetrahydrophenanthrene- 2:2-spiro-cyclopentane (IV, R= - 
H).—ae- cycluPentane-y-1-naphthylbutyric acid (3.5 g.) was cyclised with 
concentrated. sulphuric acid (ro’5 c.c.) and water (3'5 cc.) at 100°. 
The product was obtained as a thick light yellow oil, b.p. 215°/6 mm.,. 
yield 24g. (Found: C, 86°2; H, 7°3. CisHisO requires C, 86°43 W723 
per es 

: 3:4-RPetrahydrophenanthrene-2:2-spiro-cyclopentane (V, R= H).— 
The ee spiro-ketone (2'5 g.) was heated with amalgamated zinc 
(rs g.) and concentrated hydrocholoric acid (15 ¢.c.) for 24 hours.” 
The product was obtained as a colourless oil, b.p. 190-95°/8 mm., yield 2 g. 
(Found : C, 91°2; H, 8°6. CysHoo requires C, 91'5 ; H, 8'5 per cent). 

Selenium Dehydrogenation of 1:2:3:4-Tetrahydrophenanthiene-2:2-spiro- . 
cyclopentane.—The spiro-hydrocartfon (1°8 g.) was heated with ,selenium 
(3°5 g.) in a metal-bath at 300-20° for 12 hours and at 340-50° for 24 hours. 
‘The product was extracted with chloroform and after removal of the solvent 
the residue was distilled over sodium under reduced, pressure, when the , 
distillate was obtained asa white solid. This was crystallised from hot 
benzene in shining flakes, m.p. 249° (mixed m.p. with chrysene). (Found : 

C, 94°63, H, 5*3..° Calc. for CisHia : C, 9475 5 H, 5°25 per cent). 
aa-cycloPentane-(8-4-methyl)-1-naphthoylpropionic Acid (I, R=Me).— 
It was prepared as in the case of oa-cyclopentane-8-1-naphthoylpropionic 
acid, from the anhydride of cyclopentane-1-carboxy-1-acetic acid (3x g.), 
a-methyinaphthalene (30 g.) and aluminium chloride (54 g.), in nitrobenzene 
(x50 c.c.) solution. " The product was crystallised from glacial acetic acid ~ 
(charcoal) and finally from alcohol, in which it is sparingly soluble, in 
colourless octahedra, m.p. 176-77°. (Found: C, 77.0; H,6’9. CisHg.0, 
requires Cc 77 o; H, 68 per cent), i : ze 
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The methyl ester, prepared by the action of methyl alcoholic hydrogea 
chloride, was crystallised from petroleum ether (b.p. 50-60°) in cubes, m.r. 
56-57°, yield a4 g. (Found : C, 77°2; H,7'2- CaoHs20. requires C, 77°4 ; 
H, 7°r per cent). « 

Oxidation of the Keto-acid (I, R=Me) with Sodium Hypochlorite 
Solution.—The keto-acid (z‘2 g.) was boiled with sodium hypochlorite sclu- 
tion (from 100 c ¢&. of 16% caustic soda solution and chlorine from 271 g. ef 
potassium permanganate and 15 c.c. of concentrated hydrochloric acid), and 
the solution was cooled, filtered and acidified with sulphurous and sulphur‘c 
acids. The product was crystallised from acetic acid in needles, m.p. 
175-76°, which gave no depression with 4-methyl-1-naphthoic acid, prepared 
by Mayer and Sieglitz’s method (Ber., 1922, 55, 1839). 

aa-cycloPentane-y-(4-methyl)-1-naphthylbutyric Acid (III, R= Me).—The 
methyl ester of the foregoing keto-acid (I, R=Me) was gently boiled for 
24 hours with amalgamated zine {100 g.) and concentrated hydrochloric 
acid (100 c.c.). The product was extracted with ether, the solvent removed 
and the residue distilled as a thick oil (13 g.) at 230-35°/5 mm. This was 
hydrolysed with alcoholic potash when 11°5 g- of the reduced acid was 
obtained. It crystallised from petroleum ether (b.p. 70-80°), m.p. rz<°. 
(Found : C, 81'r; H, 7°7- CisH2.0. requires C, 809 ; H, 7°8 per cent’. 

g-Methyl-1-keto-1 :2:3:4-tetrahydrophenanthrene-2:2 - spiro - cyclopeniane 
(IV, R=Me).—The foregoing butyric acid (5 g.) was cyclised by heating 
on the steam-bath with concentrated sulphuric acid (x5 ¢.c.) and water (5 ¢.2.) 
for 14 hours. The solid product was crystallised from petroleum etker 
(b.p. 40-60°) in granules, m.p. 97°., (Found: C, 86°2; H,7°7. CisE 20 
requires C, 864 ; H, 7°6 per cent). 

9-Methyl-1 : 2:3:4-tetrahydrophenanthrene-2:2-spiro-cyclopentane (V, EF = 
Me).—The spiro-ketone (IV, R=Me) (35 g.), amalgamated zinc (20 g.) 
and concentrated hydrochloric acid (20 c.c.) were allowed to stand at the 
ordinary temperature overnight and then gently boiled for 24 hours. ‘The 
solid product was crystallised from petroleum ether (b.p. 40-60°) in long 
needles, m.p. 69-70°. (Found: C, git; H, 88. CysH22 requires C, 912 ; 
H, 8°8 per cent). rf 

Selenium Dehydrogenation of 9-Methyl-1:2:3:4-tetrahydrophenanthrere-~ 
2:2-spiro-cyclopentane-—The  spiro-hydrocarbon (2°3 g.) was heated vith 
3 g. of selenium in a metal-bath at 280-320° for 8 hours and at 340-j0° 
for 24 hours. The product was extracted with chloroform, the solvent 
evaporated and the residue was distilled over sodium. ‘The distillate was 
collected at 240-50°/6mm., asa thick oil which slowly solidified. The 
product was crystallised from benzene-petroleum (b.p: 50-60°} mixture jn 
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clusters of short needles, m.p. 152-53°. The mixed m.p. with a sample of 
- 3-methyl-z :a-benzanthracene prepered according to Cook (J. Chem. Soc., 
1930, 1088) was 153°. (Found: C, 94.1; H, 5°8. Calc. for C,pHy: 
C, 94°2; H, 5°8 per cent). 2 : 
, The author desires to express his grateful thanks to Dr. M. Oudrat-i- 
Khuda .for giving facilities to carry out this work in the Presidency 
College Chemical Laboratory, Calcutta andto Dr. J. C. Bardhan for his 
kind interest in this investigation. . aot 4s 
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SYNTHETICAL INVESTIGATIONS IN THE CAMPHANE 
SERIES. PART V. SYNTHESIS OE ETHYL BICYCLO- 
(1 :2:2)-HEPTANEDIONE DICARBOXYLATE FROM 
ETHYL CYCLOPENTANONE-2:5- 
DICARBOXYLATE. 


By P. C. Guna anp G. D. Hazra. 


The monosodium salt of ethyl cyclopentanone-2 : 5-dicarboxylate has been reacted 
with one molecule of ethyi bromoacetate to yield cis- and trans-ethyl 2: 5-dicarbethoxy- 
cyclopentanone-s5-acetate, which on Dieckmannisation yields a product, containing bivyclo- 
(1 : 2: 2)-heptanedione-dicarboxylic ester, The latter on hydrolysis and decarboxylation 
yields bicyclo(r : 2 : 2)-heptanedione carboxylic acid. 

Ethyl cyclopentanone-2:5-dicarboxylate (I) (Ber., 1936, 69, 1212) was 
prepared in this laboratory in connection with earlier experiments on 
synthesis of northujane derivatives. Tthe method has been further improved 
and the yield raised to about double the previous yield. With the improve- 
ment effected’ in the method of preparation, it occurred to us to try whether 
this substance, with two active hydrogen atoms, could be utilised as a start- 
ing material for the synthesis of bicyclic compounds of the*camphane series. 

The mono-sodium derivative of ethyl cyclopentanone dicarboxylate (1) 
reacts with one molecule of ethyl bromoacetate to yield two isomeric forms 
{cis and trans., II) of ethyl 2:5-dicarbethoxy-cyclopentanone-5-acetate: 
(i) b.p. 145-60°/3 mm.; (ii) b.p. 202-30°/3 mm. ‘The lower boiling ester , 
passes over slowly to the higher boiling one during distillation. It has not 
been possible to establish definitely which of them is trans and which cis, 
due to the instability of the corresponding tri-acids formed during hydro- 
lysis, both of the esters giving rise to cyclopentanone-2-acetic acid (III). 
The cyclopentanone triester (II) on treatment with sodium in benzene 
suspension yields a product containing bicyclo-(1:2:2)-heptanedione dicar- 
boxylic ester (IV, R and R;=CO,Et) which could not be isolated from the 
product of Dieckmannisation, as it could not be distilfed undecomposed 
even under 2 mm. pressure. 


H 
eee crs co 
te ee 
a CO,Et 


(I) (II, cis and trahs) 
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Fisae Ss CH,— oo CO 
CO CO 
H a—CH-—CH 2° CO.H 
. CH.,-- r =o i 
oR, R 
(112) * (IV) 


The product containing (IV, R and R,=CO,Et) on being boiled with 
hydrochloric acid (x:4) yields bicyclo-(1:2:2)-heptanedione carboxylic acid 
(Iv, R= CO.H ; R=H). It is interesting to note that Kotz (Annalen, 1900, 
850, 229) in’ his attempt to cyclise ethyl cyclopentanorie-2-acetate to the 
bicyclic.compound (IV, R and R,=H) could only obtain the bicyclopentyl- 
acetone derivative (V, R=CO,Et). It is thus clear that Dieckmannisation 
of (II) to give rise to the bicyclic compound (IV, R and R,=CO.Et) has 
been possible due to the presence of two more additional carbethoxy groups 


CH,— CH--CH; CH,— CH, . CH,~CH, 
" cu, | = | : bo 2G 
CH, .C—CH, oH CH—CH,-CO.CH—CH—CH, . 
dot 7 
(VI)- (Vv) 


in (II). The isolation of the bicyclic diketo-acid (IV, R,=CO:H; R = H) 
from (IV, R and R,=CO,Et) on hydrolysis, lends further support to the view 
that the cyclisation has not proceeded in the direction as observed by Kétz in 
which case the compound corresponding to (V, R=CO,Et) would have 
yielded a triketo compound (V, R=H) by complete decarboxylation. The 
equivalent of the acid (IV, R=H; R:=CO,H) has been determined and its 
ethyl and metliyl esters as also the semicarbazone of the methyl ester prepared. 
With a view to obtaining the ‘reduced norbornylene carboxylic acid (Vv), 
the bicyclic diketo-acid (IV, R=H; R,=CO.H) has been reduced ‘according 
to the method ,of Clemmensen to an acid’ melting at 118° which- could riot 
be combusted nor further examined due to the yield being extremely poor.’. 
Work is in progress to convert (IV, R=H; R,=CO.H) into norborny- 
lene via (VI) and experiments on ring-closure of alkyl derivatives of ethyl 
methyleyclo-pentanone-dicarboxyiate are also contemplated. 


ExPERIMENTAL 


Improved M ethod of Preparation of Ethyl cycloPéntanone-2:5-dicarboxy- 
late (I).—-A mixture of ethyl butane tetracarboxylate (129 g.), molecular 
sodium (9-6 g.).‘and dry benzene (500 c.c.) was boiled under reflux for 
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2 hours. After cooling to 0°, the reaction mixture was acidified with 
sulphuric acid. The benzene layer after being washed with water was 
dried and freed from benzene by distiilation, the residue distilled under 
reduced pressure and the fraction b. p. at 139-40°/2 mm. collected, 
yield 58¢. ‘To efisure proper yield, it is necessary to distil small 
quantities atatime. The yield of this compound according to the method 
of Nandi (J. Indian Chem. Soc., 1934, 14, 279), by the use of sodium ethoxide 
as the cyclising agent, was 30 g. from 130 g. of ethyl butantetracarboxylate. 

Action of Ethyl Bromoacetate on Compound (I): Isolation: of Ethyl 
cycloPentanone-2:5-carbethoxy-5-acetate (II).—The cyclopentanone ester (I, 
68-4 g.) was added to molecular sodium (6-9 g.), suspended in dry benzene, 
when the sodium derivative was mostly formed ; towards the end, it was 
warmed for about x hour for completion of the reaction To the sodium 
derivative, ethyl bromoacetate (100 g.) was added gradually under shaking. 
It was allowed to stand for 72 hours at room temperature, then heated on 
a water-bath for 2 hours when the reaction product became neutral. After 
cooling it was acidified with 10% sulphuric acid and the benzene layer 
was freed from the solvent by distillation on a water-bath and the residue 
subjected to steam distillation. The residue was distilled under reduced 
pressure and the following fractions separately collected: (i) b.p. up to 
135°/3 mm., yield 15 g.; (si) b.p. 135-42°/3 mm., yield’ 8 g.; (iii) b.p. 145+ 
202°/3 mm., yield 9 g.; (iv) b. p. 202-30°/3 mm., yield 4gog. The residue 
did not boil at aconstant temperature and hence was rejected. The last 
fraction (iv) on redistillation gave a portion boiling at 202-8°/3 mm., 
yieid 35g. (Found: C, 57-41; H, 819. C.;H2.O, requires*C, 57-32; 
H, 7-0 per cent). It gives a purple cqlouration with ferric chloride. 

The fraction (fii) on repeated distillation gave an oil, b.p. 202-208°/3 mm. 
and containing C, 56:69; H, 7-97 per cent. When the preparation of the 
compound (II) was tried in alcoholic medium, the reaction product was obtained 
asa gum and could not be purified by distillation. It wasalso noticed that the 
use of one molecule of ethyl bromoacetate was not conducive to good 
yield, some of the cyclopentanone ester (I) remaining upreacted. 

The fraction (ii) (4 g.) was heated with 18% hydrochloric acid (40 c.c.) 
under reflux for 4 hours. After steam distillation, the clear solution was 
evaporated to dryness on a water-bath when an oily substance was left behind 
which on being kept at o° in a vacuum desiccator gave a semi-solid, 
which completely solidified on being kept ona porous plate in a vacuum 

‘desiccator. ‘This crystallised from a mixture of ether and alcohol, m.p. 50°. 
The ethyl ester was prepared in the usual manner, b.p. 130°/18 mm. 
‘The semicarbazone of the ester melted at 174° and was proved to be identical 
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with the seinicathavons of ethyl cyclopentanone- -a-acetate, by ‘taking mixed 

m.p. with a genuine sample. ‘The fraction (iv) on similar treatment’ gave 
an acid melting at 50°; ethylester; b.p. 130°/18 mm., giving @ peice ; 
zone, m.p. 174° (Kétz, Annalen, 1904, 850, 229). , : ~ 

Cyelisation of Compound (11): Formation of Ethyl Bicyclo-(1:2:2)= 
heptane-dione-dicarboxylate (IV, Rand R,=CO,Et).—A mixture of ester (II, | 
30 g.; b-p. 202-8°/3 mm.), molecular sodium (2-5 g.) and benzene- (200 c.c.) , 
was heated under-reflux during 3 hours. After cooling the reaction mixture 
was acidified with 10% sulphuric acid.’ The benzene layer after drying was 
found to, decompose on attempting distillation under reduced pressure; 
hence the product was used as such for the next operation. 

“Hydrolysis and Decarboxylation of the above Ester: Formation of 
Bicyclo-(1:2:2)-heptane-dione-carboxylic Acid (IV, R=H ; R,=CO,H).—The 
ester obtained in the foregoing operation was directly hydrolysed with 8% 
hydrochloric acid by heating under reflux for 12 hours. After extraction 
of’ the reaction product with benzene, the acidic solution on evaporation 

‘gave rise to (i) a crystalline substance (2 g.), and (ii) a viscous mass. .The 
crystalline product was recrystallised thrice from water, m.p. 212°. 
(Found: C, 518; H, 6-2; Equiv., 189. CsHsO4, HyO requires C, 51-6; 
H, 5:4 per cent. + Equiv., 186). o-ro4 G. of substance lost 0-0074 g. of 
water at 200°; hence the substance contains one molecule of water of 
" erystaliisation. The viscous mass gave an acidic semicarbazone, m p. 192°. 
(Found: N, 20-7. CsHi,0,N; requires N, 21-1 per cent). 

Methyl Ester of the Bridged Diketo-acid (IV, R=H; R,=CO,H).— 
The acid (x g ) was dissolved in dry ether and a dry ethereal solution of . 
diazomethane was added toit. ‘THe ether and the excess of diozomethane 
was removed under suction. ‘The residual solid crystallised from methyl 
alcohol, m.p. 129°, yield o6g. Half of it was hydrolysed with hydro- 
chloric acid (x:1), when an acid, m.p. 212°, was obtained, and was proved 
to be identical with the original acid by mixed m.p. The remaining half: 
of the methyl ester was converted into the semicarbazone which crystallised 
from methyi alcohl, m.p. 209-10° (Found: N, 27-92. ~Ci,HieO.Ne requires 

"'N, 28°3 per cent). 

Clemmensen Reduction of Acid (IV, R=H; R,=CO.H). —The acid 
(x g.) was reduced according to Clemmensen’s method with zinc wool 
‘and hydrochloric acid and on being worked up as usual, gave a small 


quantity of an acid, m.p. 118°. As the amount of this compound was very . ; 


smnall its‘combustion could not be performed. 
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ON THE OSMOTIC RELATIONSHIPS, BETWEEN EGG-WHITE 
AND EGG-YOLK AND THE EFFECTS OF INJECTION 
OF POTASSIUM CYANIDE AND SODIUM 
FLUORIDE THEREON. 


By N. M. Basu anp M. C. Mrrra. 


The average difference in freezing point between egg-yolk and egg-white has been 
found to be o’07°. Sodium fluoride solution has been injected underneath the shell and 
the effects of this injection on the difference in freezing point are noted for 72 hours, 
showing that the difference in freezing point is reduced from day to dav. This differ- 
ence is accordingly concluded to be not due to Donnan equilibrium between the two sides 
of the vitellin membrane but is due to a ‘‘dynamic steady state’’ maintained by the 
vitality of the membrane. The results of injection of potassium cyanide are anomalous 
and an explanation has been suggested. 


A considerable difference in the freezing point between egg-yolk and egg- 
white was noticed by Straub (Rec. trav. chim., 1929, 48, 49) and this difference 
is maintained, if the white be diluted and then left in *contact with the 
yolk for 48 hours and exists even if the diluted egg-white be replaced 
by undiluted egg-white and lefti n contact with the same yolk for another 
48 hours. Hill (Trans. Faraday Soc., 1930, 26, 667) showed that the 
difference in osmotic pressure between yolk and white is roughly about two 
atmospheres and that the membrane separating the yolk from the white, 
known as the “‘ vitellin membrane ” ‘$s extremely thin and permeable to 
water and the salts of yolk; yet the yolk and the white are not in 
osmotic equilibrium. The osmotic difference between yolk and white 
gradually diminishes with age, but the difference is maintained whether 
the eggs are kept in air or free from oxygen. According to Hill (loc. cit.) 
no true equilibrium exists between the inside and outside of the yolk but a 
dynamic steady state is maintained as in the case of the nerve or the muscle- 
fibre. In the case of a nerve or muscle-fibre the potential difference between 

_the inside and the outside is much greater than what can be due to Donnan 
membrane equilibrium and is maintained so long as oxidation is possible. 
Accordingly it is concluded that in a nerve or muscle-fibre there is no true 
equilibrium between the inside and the outside of the fibre, but a dynamic 
steady state is maintained by oxidation. Johlin (J. Gen. Physiol., 1932, 16, 
605) found considerable difference in osmotic pressure between the yolk and 
the white of newly laid eggs but he considered unnecessary the postylation 
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of a vital activity maintaining a steady state on account of slow establish- 
ment of the osmotic equilibrium. 


In the present paper attempt has been made to re-examine the 
whole problem and to find out the effects of injection of potassium cyanide 
and sodium fluoride on the dynamic steady state, if any, between the yolk 
and the white, as these reagents are well known inhibitors of oxidation, 
potassium cyanide inhibiting most types and sodium fluoride inhibiting 
all types of oxidation. 


If the difference in freezing point between the yolk and the white be 
entirely due to Donnan membrane equilibrium, the disappearance of the 
‘ biological activity, if any, of the vitellixn membrane will not affect it. 
Accordingly the injection of sodium fluoride, which inhibits the activity of 
all forms of life, maintained by oxidation, will not affect this difference in 
freezing point except in so far as would be caused by the distribution of 
the injected sodium fluoride between the yolk and the white. 


Ifthe difference in freezing point be due to dynamic steady state 
maintained by the biologicai activity of the vitellin membrane, then, after 
the injection of sodiun fluoride, the difference in freezing point is expected 
to be reduced. 


EXPERIMENTAL 


A number of fresh eggs was taken. In some of them the freezing 
points of yolk and white were detgrmined so that the average difference 
in freezing point between the yolk and the white was found. ‘The 
remaining eggs were divided into two groups, one group being left for 
control and the eggs in the other group were injected with o'5 c.c. 
of a solution containing o'r g. of sodium fluoride. Before the injection a 
hole was made with a sterilised needle on the shell, then o'5c.c. of egg- 
white was removed with a sterilised syringe and the same amount of sodium 
fluoride solution injected underneath the shell. The hole was immediately 
plugged with aseptic cotton and collodion. All the eggs were then left in 
the frigidaire. After 24 hours a control egg and an injected egg were taken 
out and the freezing points of yolk and white of each were determined. The 
same process was repeated after 48 hours and 72 hours. 


Some difficulty was experienced in the determination of the freezing 
point of egg-yolk (cf. Johlin, loc. cit.). When the temperature of the 
yolk approaches the freezing point, it becomes so viscous that the ‘platinum 
stirrer, provided with the instrument, detaches itself from the glass tod 
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during brisk stirring. In order to effect. brisk stirring for ensuring uniform 
freezing throughout ‘the whole liquid, a glass ‘spiral stirrer was made, the 
length of the spiral being a little less than the -column of liquid taken in 
the inner tube. ‘The yolk was also churned into a homogeneotis mass beZore 
its freezing point was determined. This is er for getting consis-ent 
resuits, 

Experiments were also made in the same way after the injectior of 
potassium cyanide solution. In the eggs of chicken o'5 c.c. of solution 
containing r mg. of potassium cyanide was injected. As the results obtain- 
ed were unexpected, the same experiment was repeated with duck’s eggs. In 
these 1c.c. of solution containing 4 mg. of potassium cyanide-was injected. 
Before the injection an equai amount of egg white was sucked out by a 
sterilised syringe. 

The results of experiments are given in Table I. 


Discus SION. 


It is obvious from experiments with eggs No.I, III, IV, V, VI-; X, 
and XII that the average difference in F..P. between the yolk and the 
white, viz., 0°07°, is maintained after 24 hours, 48 Hours and also after 
96 hours, even if the egg be punctured aseptically and then immediately 
plugged by cotton and collodion and kept in a refrigerator (vide egg No. 
VII in the Table). Johlin's statement that the osmotic equilibriun is 
slowly established is not borne out by facts, at least in the case of eggs 
which were kept in the frigidaire for inhibiting slow decomposition which 
takes place in air at the ordinary temperature of the laboratory. In egg No. II 
the difference in the freezing point is only 003°. Thissmall difference in 
freezing point is also noticed in the case of eggs which are not quite fresh. 
This egg was probably not fresh when it was purchased . 

After the injection of sodium fluoride the freezing point of egg--vhite 
would be greater than before and, therefore, the difference in freezing point 
between yolk and white would be less. But as sodium fluoride di‘tuses 
into the yolk the concentration of sodium fluoride diminishes in white and 
increases in yolk. Accordingly the difference (in freezing point) between 
the yolk and the white would be gradually greater.than after the injection. 
In course of time, while the distribution of sodium fluoride between the 
yolk and the white comes to an equilibrium, the difference in freezing point 
between the yolk and the white cannot be so smal! as it was immeCiately 
after the injection of sodium fluoride into the white. :When 20 c.c 
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of the white are mixed with o'5 c.c. of sodium fluoride solution contain- 
ing o'r g. of the substance, its freezing is actually found to .be 
lowered. by 0°045° (approx.), so that after the injection of the sodium 
‘fluoride solution the difference in freezing point between the yolk and white, 
taking 007° as the normal average difference,. would” be 0°07-0'045 i.e., 
0°025°. In the experiments given above it is observed that the differetice 
in freezing point diminishes after 24 hours to 002°, after 48 hours to 
o°02° or o'or5°, and after 72 hours to oor® (wide experiments with 
eggs no. VI, VIII, IX and XI). This gradual diminution in the difference 
in freezing point between the yolk and the white after the injection of 
sodium fluoride soiution.shows clearly that this difference is due to a dynamic 
steady state maintained by the biological activity of the vitellin membrane, 
for as soon as this is inhibited by the injected sodium fluoride 
thd difference begins to diminish. This marked diminution in the difference 
in freezing point cannot in any way be explained as due to the injected 
sodium fluoride as discussed above. . 

Experiments with potassium cyanide show curious results. Instead 
of an expected diminution in difference in freezing point between yolk and 
white, the difference increased. It is probably due to the action of 
potassium cyanide after diffusion into the yolk on some of the constituents, 
in consequence of which itis split up into small molecules. Accordingly 
its freezing point has been much lowered and the difference between the 
freezing point of yolk and white has increased. 
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BIOCHEMISTRY OF AEROBACTER AEROGENES AND 
BACILLUS CEREUS. 


By H. CHAUDHURI, N. N. CHOoprRaA, MANsA Ram AND J. N. Ray, 


Dulcitol-negative Aerobacter aerogenes and dulcitol-pnsitive A. aerogenes iSyn A. 
Oxytocum) have been isolated from potatoes suffering from the black centre disease, 
and B cereus from rotting ‘ Chiku ’ fruit (4chras sapota, L.). The products of meta- 
bolism of these three organisms on carbohydrate substrates have been examined. Acetyl 
methy] carbinol, ethvl alcohol, acids and gases are the principal products. The 
influence of the nature of substrate, hydrogen ion concentration of media, the tempera- 
ture of fermentation and the effect of aeration have been studied in detail. 


Although micro-organisms produce plant diseases of diverse types, the 
biochemistry of the organisms present on diseased plants has not been 
extensively studied. The present paper is a report of the investigation 
carried out in connection with two kinds of plant diseases. The first 
is a pathological condition typical with potatoes and is marked by the 
appearance of a dark spot or ring in the centre. The second disease is 
met with in the fruit ‘ chiku ’ (Achras sapota, L,.) and results in extensive 
breakdown of the internal cell structure of the fruit. From diseased potatoes 
thirteen morphologically individual organisms were isolated which produced 
acetylmethyl carbinol and ethyl alcohol in varying amounts. Out of these 
two proved to be vigorous fermenters of starch and glucose with the for- 
mation of these products. These two have been subsequently identified 
as a new physiological strain’ of Aerobacter aerogenes. ‘The two differ 
amongst themselves in that one of them is dulcitol-positive and the other 
is dulcitol-negative. From the ‘chiku’ fruit a bacillus identified as 
B. cereus has been isolated. Both A. aerogenes and B. cereus occur widely 
in soils and thereby find their way into the plant and prokably participate 
with other organisms in causing the disease.* 


* The authors are not yet in a position to stafe with cerfainty whether these twc 
micro-organisms are the specific producers of the respective diseases in potatoes and 
‘chiku’ fruit. They are, however, the predominant types present in the diseased tissue. 
Experiments are now in progress in which healthy potatoes and ‘chikn’ fruit will 
be inoculated with vigorous cultures of the A. aerogenes and B. cereus strains, in 
order to test if the characteristic symptoms of the two diseases can thereby be re- 
produced. . 


t 
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On a reference to literature a few observations on the metabolic products 
of A aerogenes were found (cf. Harden and Walpole, Proc. Roy. Soc., 
1906, B, 17, 399; Walpole, ibid., 1911, B,88, 272; Neuberg, Nord and 
Woilff, Biochem. Z., 1920, 112, 144 ; Fred and Peterson, J. Infect. Dis., 1920, 
27, 539; Nagai, Biochem. Z., 1923, 144, 261; Levy-Bruhl, Cado and 
Huri, Ann. Inst. Pasteur, 1931, 58, 498) but none in case of B. cereus. 
Even with A. aerogenes nd systematic study has been described. Further- 
more, the two strains of A. aerogenes, isolated by the authors from potatoes, 
differ from the usual types in that they do not cause a rapid evolution of 
gas and acid from lactose and hence they are. physiologically different 
from the known strain. A detailed study of their metabolic products under 
different conditions of substrate and nutrition, temperature, hydrogen ion 
concentration, aeration, etc. would be interesting apart from the question 
of plant disease. 


The isolation of the organisms was carried out as usual by scraping 
the diseased portion, shaking the scrapings in sterile water and plating 
and replating. The dilution method of isolation was resorted to and 
thirteen morphologically different organisms were isolated from the diseased 
potatoes. These individuals were regrown in nutrient agar slants adjusted 
to pu 7°0 at 40", when a vigorous growth was obtained. The pure cultures 
‘were maintained on nutrient agar slopes adjusted to px 7’0. Northrop, 
Ashe and Senior (J. Biol. Chem., 1919, 89, r) have isolated an acetone 
and ethyl aleohol-producing organism from old potatoes. In the earlier 
experiments, therefore, these two compounds were specially looked for in 
the metabolic products: Actually ethyl alcohol was found to be produced 
by all the three organisms but no acetone except in traces. On the other 
hand acetylmethyl carbinol was formed in practically all cases. 


EXPERIMENTAL 


The preliniinary experiments were carried out on a starch-peptone- 
calcium carbonate medium. Subsequently, however, glucose was used 
as the carbohydrate substrate along with various other nutrients as described 
under ‘ substrates and nutrition’. The media were contained in bottles or 
flasks which were sealed suitably after inoculation and incubated at the — 
appropriate temperature for fifteen days, after which the contents were 
analysed. 

Methods of Analysis. —F or qualitative testing for the different alcohols, 
aldehydes, ketones, acids, etc. the usual reactions were employed. In 
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the quantitative analysis complication arose on account of the fact that 
both acetylmethy!l carbinol and acetone give similar reactions with different 
reagents used in the analysis which depend upon the reactivity of the 
CH; CO~group, present in both the cases. However, as found by Langlyke 
and Peterson. (Ind. Eng. Chem., Anal. Ed., 1937, 9, 163) acetylmethy! 
carbinol distils over from an aqueous solution at a constant rate independent 
of its concentration. ‘Thus the amounts that distilled over in the first 50 c.c. 
fraction and the second 25 c.c. fraction, when roo c.c. were distilled, were 
59°7% and 239% respectively of the original amount present in the liquid 
distilled. Acetone and ethyl alcohol on the other hand distilled over rapidly 
and quantitatively in the first 50 c.c. of the distillate. Acetylmethy] carbinol 
can thus be estimated by the iodoform method in the second 25 c.c. portion 
of the distillate and this amount muitiplied by the factor 4°18, therefore, 
gives the total amount present in the original liquid. The portion of the 
first 50 c.c. of the distillate which was expected to contain all the ethyl 
alcohol and acetone and 59:7% of the total acetylinethyl carbinol was 
also analysed by the iodoform method and after. making a slight correction. 
for alcohol it was found that the amount of acetone present in most cases. 
was negligible. Another portion of this first fraction of the distillate was 
oxidised with a known excess of potassium dichromate and from the amount 
of dichromate consumed the amount of ethyl alcohol present was calculated 
after allowing for the acetylmethy] carbinol. 


The dulcitol-negative and the dulcitol-positive strains of A. aerogenes 
will be referred to as A. aerogenes I and A. aerogenes II respectively. 


Effect of Substrate and Nutrition. —The following three media have beer 
studied. 


A. Glucose (5%), peptone (0'5%) and calcium carbonate (2%), b 7°0. 


B. Glucose (5%), ammonium phosphate (05%), potassium dihydroger 
phosphate (05%), potassium phosphate (001%) and magnesium sulphate 


(0°5%); bu 70. 


C. Glucose (5%), peptone (0°5%), meat extract (0°3%), sodium chle- 
ride (0°5%) and calcium carbonate (2%), px 70. 


50 C.c. of the media after inoculation were incubated at 26° for 15 days 
after which the contents were analysed. 
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TasiE I. 
% on weight of % on weight of % on, weight of 
: sugar fermented : sugar fermented sugar fermented 
5 3 6 me 
q A 3 pet ¢ 4 a wea 4 ", 1a 
a = hs se SBE kK ; =a ea} 
S 8 GE € & $88 2° 8 EYE ¢ 
= mf 488 g@ 488 & 68s Ri 
A, aerogenes I A. aerogenes II B. cereus 
A Xr 2°15 14°58 I 2°16 16°66 r 4°29 0°89 
2 1°97 14°27 2 2°23 * 36°81 2 4'03 1°38 
B r 2°00 3°25 I 5°45 3°21 I 3°21 1°33 


c I 206 IN'I4- Ir 1°58 9°17 I 4°40 3°15 


It is obvious that for the production of ethyl alcohol glucose-peptone- 
calcium car3onate medium is more suitable than the one containing glucose 
and inorganic salts, although quite heavy growths were obtained even with 


the latter. A. aerogenes IL gave better yield of acetylmethyl carbinol, 
in the glucose-fnorganic salt medium than the glucose-peptone-calcium: 


carbonate one. 


Effect of Hydrogen Ion Concentration.—Acids were formed during fer- 
mentation in varying amounts by all the three organisms. A. aerogenes 
strains gave more acids than B. cereus. The study of the influence of 


bu was carried out with two medias 
(A) Glucose (5%): peptone (0-5%), calcium carbonate (2%). 


(B) Glucose (5%), ammonium phosphate (0-5%), potassium dihydrogen 
phosphate (0-5%), magnesium sulphate (0-5%) and potassium 
phosphate (o-or%). : ‘ 


The incubation was carried out as usual in sealed bottles at 26°. 


¥ 
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Tasie II. 


50 C.c. medium in 500 c.c. sealed flask. 


Organism. Media. pa. Expt. % on wt. of sugar % of sagar 
&, 28 No. fermented. fermeated. 
ry 
Acetylmethy] Ethyl 
carbinol. alcohol. 
e 4. aerogenes I A 70 I 2-12 - 14°47 0 
2 1°69 15°04 636 
74 I 1°07 14°27 60's 
“2 a5 14°58 Oxo 
Be 3 9°44 12-92 - 69 
2 2°46 II'54 FS 
A. GerogenesTI A 70 r 2-26 15°04 ‘ape 
2 260 15°85 . SS 
: 74 : ne 2-10 16°66 : Bo 
2 2-23 °  16°8x oy 
8 I 1-8— 16-47 736 
of 2 . 4-43 17°03 7r0 
B. cereus . A 70 I 3°33 : M33 y 69.8 
t 74 7: 4°29 0-89 C34 
‘ be 2 ; 493 x38 : C54 
: e 8:5 I 2°53 076 73:0 
A. Gerogenes I B 6-2 I 8-20 3°88 Ico 
3 - 70 I +70 3°19 * rcD0 
: 2 2-30 7 3°33 ngvy TOP 
’ 76 I 1°50 . 37 2030 
2 ieIr 2°97 08,0 
A. aerogenes I B 6-4 i 8-43 3°51 Tos'O 
19 I 54 3°20 208-0 
“NaS St 76 I 5°49 3:00 Sis 
_ Be cereus B 62 :  g8h gee “a4 
7 ‘7-0 x a gs 4v0 
ones ” 76 ges: © - a-gE ~ aga ge8 
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Although it is difficult on account of the variable nature of the fermen- 
tations to draw accurate conclusions, yet it may broadly be stated that the 
optimum ps for the production of acetylmethyl carbinol varies with the 
. nature of the substrate. In case of glucose-peptone medium the optimum 
was on the whole on the alkaline side, i.e., px 7°5-8-5, whilst in the medium 
with inorganic nitrogen source, it was on the acidicside. i.e., at px 6-2. The 
same general conclusions were drawn when 50 c.c. of the medium were 
fermented in 250 c.c. or 500 c.c. sealed flasks, i.e., with larger volume of air. 

Effect of Temperature.—The medium contained glucose, peptone and 
calcium carbonate. 50 C.c. of the medium were fermented in 250 c.c. sealed 
flasks. 





Tasty III. 
Organism, » Temp, Expt. % on wt. of sugar % of sugar 
No. fermented. fermented. 
eee —_— 
Acetylmethyl Ethyl 
carbinol. alcohol. 

A. aerogenes I 26° I 1-97 ; 14:29 61's 

2 215 ” 14°58 61's 

saa x 1°95 9°95 100°0 

2 1°70 12°96 100-0 

/ 40 r 6-11 10-36 100-0 

A. aerogenes IL 26 i 2°10 16°66 68-1. 

‘ 2 2°23 16-81 68-r 

: 33 I 2-58 II*I3 100-0 

2 3-01 10°47 100-0 

40 I 3-69 98x 100-0 

2 4-11 9.63 100-0 

B. cereus . 26 I 4:29 0°89 318 

2 4°13 1-38 32-7 

33 I 299 3°55 68-1 

40 1 6-96 3:26 834 


The requirements of temperature for acetylmethyl carbinol production 
and ethyl alcohol production are inversely related to each other for A. ae1o- 
genes. Acetylmethyl carbinol is formed in largest amount at 40°, at 
which temperature alcohol production is minimum. The inverse is the case _ 
at 26°. For B. cereus the optimum temperature ‘for acetylmethyl carbinol 


, 
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formation is again 40° but for alcohol production it is 33°. These results 
have been confirmed in a second series of experiments in which the fermenta- 
tion was carried out in contact with larger volume of air, i.e., » 50 C.-C. + Fer- 


menied in 500 c.c. flasks, 


TABLE IV. 
Effect of aeration. 


The media used consisted of glucose (5%), peptone (0°5%), calcium 
carbonate (2%), pu 7'0. ; 

















Organism. Expt. Temp. of % of sugar fermented 
' No. = inenba- - ates = 
tion. * 50C.c mediain 50 C.c. media in 
250 ¢.c. flasks. 500 c.c. flasks. 
Acetyl- Ethyl Acetyl- Ethyl 
methyl alcohol. methyl alcohol. 
carbinol. _ carbinol. 
A, aerogenes I I 26° 1-97 14:27 3°47 23-82 
2 2-19 14°58 oe = 
A. aerogenes TI I 26 2°10 16-66 3:01 —_ 
2 2°23 16-81 3°37 13°12 
B. cereus I 26 4°29 0-89 13-41 2-78 
2 4503 1°38 _ ~ 
A. aerogenes I I 33 1°95 1T*45 2:04 1 _— 
2 I-70 ad 2.28 , 11-34 
A. aerogenes IL 1 33 2-58 ILI 2-69 21-44 
: 2 301° ° = 10-47 _ peas 
B. cereus I 33 2:87 3°66 - 482 4-20 
2 3°09 4-10 _~ ~— 


Production of acetylmethyl carbinol is, therefore, favoured by in- 
creased aeration with all the three organisms at the two temperatures 
studied. This supports the findings of Walpole (Proc. Roy. Soc., rozI, 
B, 88, 272) and Kluyver, Donker and Hooft (Proc. Acad. Sci. Amsterdam, 
1925, 28, 317), who have found that with 8B. lactis aerogenes and 
Saccharomyces cerevisiae ‘respectively the yield of acetylmethyl carbinol is 
increased by aeration and by the addition of hydrogen acceptors such as 

4 
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methylene blue. “No regular effect of aeration. on ethyl alcohol production - 
can be noticed from the above data. 
Further detailed work is being carried out on ne biochemistry and. 
metabolic products of B. cereus and will be reported i in due course. 
‘Tse Unrversrty CHemrcat, LABORATORIES 


anp Tr UNIVERSITY Botany Lasoratory, 
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MAGNETISM AND CATALYSIS. PART I. CATALYTIC 
DECOMPOSITION OF POTASSIUM CHLORATE 
BY MANGANESE DIOXIDE AND © 
FERRIC OXIDE. 


By S.'S. -BHATNAGAR, BRAHM PRAKASH AND JARNAIL SINGH. 


The reaction mechanism of the catalysed decomposition of potassium chlorate with 
oxides are examined from the magnetic standpoint by a chemical and magetic analysis 
of the Products at different stages of the reaction by measurements of x The © 
meéchanism has been proved to involve the formation of an intermediate compound as 
shown by differences at the intervening stages of the reaction between the observed 
values of x and the .values calculated on the mixture law. The nature of the possible | 
intermediate compound is discussed and the earlier. theories are controverted. A modified 
form of Sodéai| s theory of alternate oxidation and deoxidation is suggested. Jn the © 
case of catalysis by ferric oxide, strict concordance is evinced between the observed and 
the calculated values of x at all stages of the reaction. - : 


It was observed by Hedvall, Hedin and Persson (Z. physikal. Chem.,— 
1934, B27, 196) that the thermal decomposition of nitrous oxide, using 
nickel as a catalyst, was suddenly accelerated above the Curie point, 
although X-ray analysis by Nunzio (Atti. R. Inst. Veneto, 1933, 92, 541) 
does not indicate any change in lattice-structure above this temperature. 
An extension of the work by Hedvall and others (Z. physikal. Chem., 1937, 
B30, 280) has shown that the hydrogenation _of carbon monoxide and 
acetylene in the presence of nickel, and the formation of CO, from CO by 
Heusler’s alloy is considerably accelerated at the Curie point. Forestier 
and Lille (Compt. rend., 1937, 20%, 265, 1254) who studied the cata- 
lytic power of ferrites of Mg, Cu, Sr, Ba and Pb, found anomalies at the 
“Curie point accompanied by a marked rise in catalytic power in the 
neighbourhood of this temperature. The fact that catalytic activity may 
have some relation to magnetic properties was also emphasised by ‘Taylor 
and Diamond (J. Amer. Chem. Soc., 1935, 57, 1251), who found that the 
spin isomerisation of hydrogen at low temperatures is much more catalysed 
by a paramagnetic surface than by a diamagnetic one. Apart from this 
little use has been made of the magnetic method in deciding the mechanism 
of the catalytic changes, particularly those where the formation of an inter- 
mediate compound is postulated. 

A case in point is the catalysed decomposition of potassium chlorate 
with oxides. “It has been suggested from time to time that the action is 
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purely mechanical] but if it were so, all other finely divided substances, 
irrespective of their chemical composition, should be expected to act in 
a similar manner which, however, is not the case. Besides, a microscopic 
examination of MnO,, before and after the reaction, shows that the dioxide 
has undergone a physical change which leads to the conclusion that the 
forces involved in the reaction are chemical in nature. Ifthe decomposition ° 
takes place via an intermediate compound, then its formation (if it is stable) 
in the intermediate stages, even though it may not be revealed by chemical 
analysis, would be shown by magnetic analysis of the reaction products 
particularly if the development of the’ new compound entails changes in 
valency. That changes in valency produce’ corresponding ‘changes im 
magnetic moment which can be correlated with atomic structure, has been 
emphasised by several workers, notably Van Vleck (“‘ Theory of Electric 
ahd Magnetic Susceptibilities,’’ Oxford, particularly Chapter XI, p. 73), . 
Sommerfeld (‘‘ Atombau,” 4th Edition, p. 639), Bose (Z. Physik., 1927, 
43, 864) and Stoner (Phil. Mag., 1929, 8, 250) who have obtained the - 
following relationship in the case of the paramagnetic ions of transition 
elements : 


are b= /4S(S+1), 
the value of us depending on S and ultimately on the valency of the ion. 


The main object of the present investigation is to ascertain the reaction 
mechanism by a magnetic and chemical analysis of the products at various - 
" stages of the reaction and to test the validity of the numerous theories of 
this action which have been advanced from time to time. 


EXPERIMENTAL. 


The susceptibility values were determined on a modified form of Gouy’s 
magnetic balanceeand the calculation of xy made according to the equation, 


j - ; We 
Xp, OL Xa map, ) Wo, 


r 


Xp, 7 ry 








+X, maps 


where Xp, and Xp, are respectively the specific susceptibilities of the 
standard substance and of the specimen, Ws, and W,, are the respective 
pulls, My, and Mp, are the respective masses and Map, and Map, ate the 
masses of air displaced respectively by the ‘standard substance and by the 


specimen, 
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Materials Used. 


Potassium Chlorate.—The extra pure salt was recrystallised and its 
purity ascertained by reducing it to the chloride with sulphur dioxide and 
estimating the chloride by Volhard’s method (% purity=gg9'80). The 
chlorate gave a susceptibility value of —0°300 x 107® (cf. y= —0'300, Inter- 
national Critical Tables}. 

Manganese Dioxide.—Many attempts have been made to obtain pure 
manganese dioxide and it has been shown that it cannot be obtained pure 
by any of the precipitation methods since the hydrated dioxide very readily 
loses part of its oxygen and thus forms mixtures of oxides. Various 
other methods for the preparation of MnO, were examined and ultimately 
the catalyst was prepared by heating manganous nitrate at 155—60° for 
50 hours. The black crystalline oxide was washed and dried under vacuum 
at 200°. Its oxidising power was determined by treating the oxide with 
hydrochloric acid. ‘The chlorine liberated was absorbed in potassium iodide 
solution and the iodine thus set free titrated against standard thiosulphate. 
The total manganese was determined by the pyrophosphate method. The 
product was found to conform to the formula MnQO,.9, and its susceptibility 
was found to be 29'00 x 10 ® at 20°. Literature, however, reports divergent 
values varying between 27°00 and 46'58x 107° for the ‘dioxide (Meyer, 
Wied. Ann., 1899, 68, 325; 69, 236; Ann. Physik, 1900, 1, 664 ; Wistrand, 
‘* Magnetiska Susceptibilitaten hos Kvarts etc.’”’” Upsala 1916 ; Wedekind 
and Horst, Ber., r915, 48, 105). These values have been more fully 
discussed in a separate communication which will shortly be published. 

Ferric Oxide.—The hydroxide was precipitated by adding ammonia to 
ferric chloride and the product dehydrated at 500° in an electric furnace. 
(Found: Fe, 69'8% ; calc. 70°0%). ‘The observed susceptibility for the 
oxide was 21°00 1078 at 20° (cf. Xsreq03 =20°6x107° at 18°, Interna- 
tional Critical ‘I'ables). 

The susceptibility of an intimate mixture of potassium chlorate and. 
the catalyst approximately in the ratio of 4:1, was ,determined after 
analysis. It was then heated at different temperatures (below the tempera- 
ture of spontaneous ignition) for different intervals of time, its x determined 
and the products analysed at each stage. The methods of analyses are 
given below. 

Chloride and Chlorate.—The mixture was treated with water till free 
of chloride and chlorate and the filtrate made up to known volume. 
Chlorid: was estimated by Volhard’s method and the chlorate was 
reduced to chloride in an aliquot portion with sulphur dioxide and 
the chloride determined as above. > 
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Analyses. 


Manganese was estimated by the pyrophosphate method and the active 
oxygen determined in the insoluble residue iodometrically. 
Ferric oxide was estimated by precipitation as hydroxide followed by 


ignition to Fe,Os3. 
The results, so obtained, are set forth in Tables I and II, the x-value in 


each case representing the mean of at least three observations. 


Since the composition of the mixture and the susceptibility of its com- 
ponents at various stages are known, the theoretical value of x is that arrived 
at on the additivity law for a mixture. 


Tasie I, 


Catalytic decomposition of potassium chlorate with manganese dioxide. 


Read- Temp. Time. 


ing. heating 


n 


3 270-280° 
4 - 290-300° 
5  300-310° 
i 6 
- e 
I 
2  250-260° 


270-280° 
eo 


290-300 


3 
4 
5° + 300-310° 
6 


250-260°C o-5 hr. 


ro 
ro 


1-0 


ors 
r-0 
10 


ro 


Xvino, 29°0° x 10-8 


Xxel 
Xxclo, ~~ "300 * ro-$ 


= ~ 0-516 x ro-8 


Mrxrors I. 


Composition of the solid residue 


MnO. 


18-80% 81-06% 


19°71 
2I°Io 
22°75 


25°10 


320-330° Spontaneous 27-20 


18-80 
19°68 
21-13 
22°76 


25°03 


320-330° Spontaneous 27-22 


KCIO;. KCl. 
0°00% 
76-92 3°25 
58-49 20°25 
42-01 35-12 
23°89 51°00 
0 00 72:63 
Mixtorg II. 
81°06 0°00 
77°05 3°16 
58°41 20-31 
42-03 35°22 
23°86 = 51°03 
000 72°65 


Tofal. 
99-86% 
99°88 
99°84 
99°88 
99°99 
99°83 


99-86 
99°89 
99°85 
100-00 
99 92 
99-87 


x x 108 
Pome coomareat mimnsnantinon, 


Exp. 
(a) 
5°20 
5°23 
5°59 
6-03 
6°69 


7°53 


5:20 
5°21 
5°58 
6:05 
6-69 
732 


Cale, 


(b) 
5r2z 


5°47 
5°84 
6-29 

6°94 
7'5t 


5:aL 
5°46 
5°85 
6-30 
6:92 
7°32 


Diff. 
(a—b) 
x rot, 
—O°Or 
O24 
0-25 

—0-26 
—0°25 


+ 0-02 


—o-or 
0°25 


—0'27 


“4 = 0°25 


033 


—d-01 
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Tanre II. 


Catalytic decomposition of potassium chlorate with ferric oxide. 


Read- Temp. 

ing. 

I 

2 250-260° 
3 2g90-300° 
4 300-310" 
5 310-320° 
6 —_340-350° 


2 230-260° 
290-300° 
300-310° 


310-320° 


n nH LF WwW 


340-350° 


o-5 hrs. 
I-o 
ro 
"0 


Sponta- 
neous 


os 
I-0 
Lo 
ro 


Sponta- 
neous 


Time. 


129 


Xzeyo; =21'00 X 1078, 
Mrxrore I. 
Composition of the x x 108 Diff. 
solid residue Total. m~N (a5) x 108, 
Exp. Calc. 
(a) (b) 
20-45% 79:35% 000% 99°80% 4:05 406 —o'or 
@1-00 7503. 3°73 9978 IQ ed +o-02 
22:13 64-47 «13517 = 90°77 «4°36 4°39 0-03 
23°85 50-20 45'5E 9056 4704-73 0-03 
26-30 23°51 = $003 99:84 5°19 5:19 0°00 
2940 0-00 70-33 99°73 5:82 5:81 -Fo-or 
Mrxrore II. 
20°45 79°35 0°00 99°80 4-05 4:06 O01 
2095 7515 365 = 99°75 4°17 4°16 +or01 
22-20 64-24 13-36 99°80 4:40 4:40 0-00 
23°90  §0°IT 25°73 99°74 4-72 4:74 — 003 
26-33 23°60 50-13 to0°06 5°18 5°20 —002 
29°43 0-00 70°29 99°72 5-82 5°82 0-00 


DIscUuUSSION 


The numerous theories which have been advanced from time to time in 
order to explain the reaction mechanism of the catalysed decomposition with 
manganese dioxide are essentially (2) mechanical, and (b) chemical 


nature. 


in 


The mechanical hypothesis has been dealt with earlier (vide supra). 
While studying the catalytic decomposition of potassium chlorate by oxides 
and metals Psarshevski (Sci. Mag. Chem. Cath. Katerinoslav, 1926, p. 165) 
remarked that their action is due to a mechanical disturbance of the equiii- 


brium of the electrons of the chlorate molecule. 


8 


It is “supposed that the 


e i 
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absorbed gases are ionised by the impact of electrons of the catalyst and 
thereafter act upon the salt. The magnetic- results, however, leave no doubt 
about the formation of an intermediate compound and hence it appears that 
manganese dioxide actively takes part in the kinetics of .the reaction. Any 
chemical explanation must be of the nature of a.cycle of changes which 
ultimately result in the release of the dioxide. --"’ 

It is to be noted that the observed paramagnetic susceptibility of the 
reaction mixtures (vide Table I) at the intermediate stages is lower than the 
value calculated on the mixture law and consequently the alleged inter-,. 
mediate compound must be either mlamaeiene or at least less strongly para-:- 
magnetic than the original dioxide. 

. Wachter’ s hypothesis which postulates the development of manganous 
salts as intermediate compounds consequently involves .an increase in 
paramagnetism, since on the Bose-Stoner formula 


MPs = 4S(S+3), 


Mn**-and Mn**-ions have magnetic: moments of 5"92-:and 3:87 ‘Bohr- units 
respectively is therefore ruled out. .__ : 

The evolution of traces of chiotine which scconienyet ‘tlicae changes, 
however, Jed MclI,éod to propose the following scheme of reaction: 


f aKCl0, + 2MnO, —> 2KMnO,+ Cl, +O; 
the ‘permanganate next breaks up accarding to the equation, 
2KMnO, —> K,MnO,+ MnO2+ 0, 
and ultimately this is followed by ~ : " ae 3 
K,Mn0O,+ Cl, —~ aKCl+ MnO.+0,. 


In this scheme the liberation of free chlorine necessitates the formation 
of an equivalent amount of potassium oxide or possibly permanganate or 
manganate in zhe free state. ‘The observed deviation of susceptibiiity from 
the calculated values as recorded in Table I should a priori be due to the 
formation of one or, more of these compounds, and since on Mcl,eod’s 
mechanism these compounds are progressively: formed with increased eyolu- 
"tion of free chioriné at every stage, the observed susceptibility values ought- 
to show a continuous decrease all through, the: maximum differences being 
obtained at the final stage. This is contrary to the present observations. | 
Moreover, the amount of potassium permanganate or oxide. that can be 
formed equivalent to the chlorine actualiy:liberated; is totally inadequate to -- 
account for the marked iowering of susceptibility observed-here, its contribu- 

. tion being barely to the extent’ ofo’o1~— 002 x 10°, whereas the: observed, 
difference is in the neighbourhood:of‘o'25 xao7° 3 p> «Acts 


e- 
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- Deniges (Bull. trav. Soc. Pharm. : Bordeaux, 1936, T4, 93). has shown 
from spectroscopic evidence that MnO, ion is _ developed in the course of 
this reaction but he definitely preciudes the possibility of potassium | pet- 
manganate formation, since KMnO, was found to exercise no catalytic 
influence on the decomposition. He, however, holds manganese permanga~- 
nate that may have beeen formed in course of the reaction responsible 
for the accelerated reaction velocity. It is, however, “by no means certain 
that manganous permanganate is actually developed in the reaction. 
Magnetic considerations, in fact, seem to invalidate its formation.’ Although 
theoretically on the, Bose-Stoner formula; -manganous pérmanganate 
should be less steongiy paramagnetic than manganese dioxide containing 
quadrivalent manganese {Xaenaenoy's = qgoq4oX107° and Xamog = 
6350 107°}, yet it is weil known that the magnetic behaviour of MnO. 
deviates widely from the theoretical and the deviation is towards lesser 
paramagnetism { Xamno, (Exptl.) = 2520xz0°°}. The formation of 
Mn(MnO,), will, in consequence, produce greater paramagnetism than 
the.calculated values indicate at the intervening stages of the reaction. 

The following scheme, which involves the separation of potassium 
and chlorine, through the formation of a complex, possibly of the Werner 


type, is tentatively suggested. 


KCI0, 1 MnO, - 








(K,0 + an oxychior—manganese complex) + more MnO, 


| alien alas or xMnO, yMn,O, 
| 


| 
KCl + O, MnO, + Oz 


The formation of these complexes readily explains the magnetic results. 
On theory, hepta- or hexa-valency of manganese will obviously result 
in lowering of paramagnetic susceptibility. The foimation of MnOz,—- 
as observed spectroscopically by Deniges (loc. cit.) and of the different 
oxides of manganese the formation and breaking up of which according to 
Sodeau are responsible for the catalytic activity, follow as the direct conse- 
quence of the side-reaction in this cycle. 

In the case of the reaction catalysed by Fe,Os, close concordance is 
obtained between the observed and the calculated values of x as recorded 
in Table II. The reaction may involve electronic disturbances of the type 
proposed by Psarshevski (Joc. cit.) in which the activation energy supplied 
by the catalyst molecule is regained by it after the chiorate molecule has 
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undergofie dissociation. Fowler and Grant (Trans. Chem. Soc., 1890, 57, 
277) conclude from the close agreenient of its mode of action with that of 
mangatiése dioxide that an analogous reaction takes place, involving tlie 
formation of intermediate products. Lf this is so, the intermediate compéurid 
so formed must be very unstable. since no deviations from the mixtire 
Jaw have been observed though the possibility of a relatively stable iriter- 
meédiary, which may result in the mixture having the same susceptibility 
ali through, should not be precluded. 
University Crencrcar LABORATORIES, 
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MAGNETISM AND'CATALYSIS. PART Il. CATALYSIS OF 
PERSULPHATE AND IODIDE REACTION BY FERROUS IONS. 


By S.S. Baatnacar, BRAHM PRAKASH AND JARNAIL SINGH. 


Magnetic evidence is adduced in regard to the formation of a relatively stable 
infermediate compound which is responsible for the accelerated velocity of the iodide- 
persulphate reaction. The reaction obviously does not take place merely via the forma- 
tion of ferric sulphate which has been the view so far. The nature of the compound 
is discussed. it 


Recently the mechanism of the catalytic reaction between persulphate 
and iodide has elicited some controversy. Calculations based on the 
measurements of reaction velocity in the presence of Fe’ ions led Kiss and 
Zombory (Rec. trav. chim., 1947, 46, 225) to express the reaction as 
follows:— 


2Fe""+S,0,~ —> 2Fe"'+250,°7 


aFe'+a2l! *‘—> aFe" +I, 


Saai (ibid., 1928, 47, 385), while studying the velocity of ionic reactions 
observed that the amount of iodine formed by catalysis, as calculated from 
the coefficient of these reactions, is not compatible with the observed value 
and hence concluded that the catalytic influence cannot be wholly explained 
by these reactions. ‘Kiss (ibid.,- 1929, 48, 508) accumulated new data in 
support of his earlier interpretation. The mechanism of oxidation has 
lately been studied by Afanasiev (J. Phys. Chem. Russ., 1937, 9, 559) who 
has emphasised the specificity of the action of Fe’ ions. : 

The present investigation is concerned with the clarification of the 
* reaction mechanism from magnetic standpoint. 


EXPERIMENTAL. 


The purity of the substances employed was of a very high order. 
B. D.'H. analytical reagents were purified and qualitatively and quantita- 
tively analysed before use.’ “ . 
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In the case of solutions, susceptibility has been calculated with the 
help of the reaction : 
Xeon = NXeatt-X Conte + Xeolvent (t~ Cura). 


Specific susceptibilities of the solutions of the same order of strength 
as were to be used in the reaction, were also determined’ ‘and this telation- 
ship found to be valid. 

The following solutions were prepared in conductivity water of which 
the susceptibiiity had been previously determined : = 

(a) o’r0N-Potassium iodide. ‘ d 
(b) o’o5N-Potassium persulphate 
(©) 100% Ferrous sulphate. 

The solutions were placed in a constant temperature bath at 20°. 
After they had attained the temperature of the bath, roo c.c. each of the 
iodide and persulphate solutions were pipetted out in a dry glass-stoppered 
flask and immediately shaken. Initial time was taken and the progress of the 
reaction followed by a chemical and magnetic analysis of the mixture at 
different intervals of time. The chemical composition was determined by 
withdrawing a known volume of the mixture, arresting the reaction in ice 
and immediately titrating the iodine set free against standard thiosulphate. 
The compositién of the mixture with respect to its other ingredients can 
easily be evaluated from the thiosulphate consumption, since the latter is 
an-accurate measure of the iodine content. 

The specific susceptibilities of the reaction mixture were. measnired at 
different intervals and knowing the composition by a reference to the graph 
(time—thiosulphate), the values calculated theoretically on the mixture law 
were compared with’ the experimental values. ‘These results are embodied 
in Tables Ia and Is. 

The reaction was next studied under exactly identical conditions in the 
presence of the catalyst. In this case gg'0 c.c. of o'rorN-potassium iodide 
were first measured out in the flask, 1 c.c. of the catalyst solution added 
and roo c.c. of o’05 N-persulphate mixed last of all. The reaction mixture 
was analysed chemically at different stages as above and its susceptibility 
determined on the Gouy’s balance. ‘The results of these measurements are 
embodied in Tables II a and II s. he 

‘The theoretical values of x were calculated on the following data. 


Compound. —x x 108, Compound. —x x 108, 
Todine +0:36 _ BySO, +0°403 _ 
KgS308 ; +0°371 "RY : +0°422 


FeS0g7F0., 2. 4-5, 
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Redaction without catalyst. 
Tanrx Ia. 
Chemical analysis. 


Vol. of the mixture solution used for tirration=10 c.c. Strength of 
thiosulphate=N/s1'75. Temperature=20°. V denotes volume of thio. 


Reading. _ Time, Vv. 7 Reading. Time.. Vv. 
I 4 min. 0°40 c.c. oe 9 180 min, 7°70 C.C, 
a 26 2°15 10 235 8-45 
3 50 3°65 Ir 275 8:85 
4 66 4:50 12 310 gto 
5 . 82 5°r0 13 345 9°25 
6 102 “585 14 396 9°45 
125 6-55 15 460 9:60 
8 155 7°25 
#5 TasiE Is. 
. Magnetic analysis. . 
“d,?° of the solution=1'009. - x of water= —0'730 x 107°. 
Reading. Time. Thio used. Percentage composition. —x x 108 
RI. KyGjOs. KS; 1% ae Gala, 
I a3min. e@10c.c. 0°7627 0°2830 =: 00707 O-0515 o"726 0726 
2 46 3°60 or7r47 0°2439 ® 0-1212 ~=—-0°0883 0-726 0°726 
3 62 _ 4°46 0°6871 0°2214 = o*F502 0°1094 o'727 0*726 
4 98 + 505 0°6681 02059. O-70I 0°1239 0°727 0-726 
5 t00 5°80 0°6440 , 0°1864 071954 0-14.23 0-727 0°726 
6 122 ” 6°50 o-6216 o-1681 o'2189 orr5o4 0-727 0-726 
7 150 7720 - «O-590I «=. O-T4Q8 = (08-2425 766 * 727 0-726 
8 177. 7-65 - 075846 05380 5 0°2577 0-1877 0727 0-726 
9. 247 8°55 o-5558 + O'1T45 0°2879 ~=—-0"2097 0-727 0°726 
Io 270. 8°82 05470, O°1074 ©0-2972-—Ss«0 2164 0°727 0°726 
1X 303 9-04 0-5400 O-IOL7 073045 0-2218 0-727 0-726 
12 340 9-22 0-5342 070970 o°3106 0°2262 _ 0727 0°76 
13 408 9°46 an 0-§265 "09-0907. 0-3187 0-232 0-728 0-726 


m4 436. 60. osaax > 0-087. 0°3233 023550728 0726 
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Reaction with catalyst. 


TABLE ITA. 
Chemical analysis. ° 
Reading. Time. | Vol.of N/st-so Reading. | Time. _Vol. of N/§x-so 
thiosulphate thiosulphate. 
I 5 min. 0°95 cc. 9 95 min. 7°35 C.C. 
2 , 15 2°25 8 112 7-95 
3 27 3°50 9 126 a0 
4 46 4°90 eh 166 g°Io 
5 62 595 rr 204 "965 
6 76 6-60 12 . 6 hrs. Ir-00 
TABLE IIs, 
Magnetic analysis. 
d,?° of the solution= 1‘ 009. x of water = -0'730 X 107°, 
Reading. Time. °Thioused. Pércentage composition, =x * 108, 
KI. KyS:03. K,S0,. Ts. FeSO, Expt. Cale, 
7H,0. 
imin. 2-00¢.c¢. 07656 0°2854 + 0'0677 00493-0005 0724 0-724 
2 25 3-00 07334 02592 OIOIS 00739 b:005: 0727 0-724 
3 44 4°80 06754 8artrg o-1625 0-1183 0-005 0°730 0-724 
4 60 5:80 0:643r 01856 0°1963.-O'T430 0-005 0-733 0-724 
Ys 75 6-54 06193 or1662 00-2213. Or1612 0005. 0°730, 0724 
6 92 7°30 05948 0-1463  0-247I 0-799 , 07005, 0-728 0-724 
7 II0 7°90 0-5754 01305 02674 01947. 005) 0'726 0-724 
8 126 8.30 05625 +o-T200 02809-02046 0-005) 724724 
9 166 9-10 0°5367. 0°0990 «03080-02243 0-005 0°723 0-724 
10 200 9-60 05206 © 0-0859 03248 «0 2366 or005,— (0723724 
1 6 hr. 11-00 04754. O-049I 0°3724 + 0°2712 0-005 0°723 0-724 


DiscUSSION. 


It is clear from Table In that in the case of uncatalysed reaction, the 
observed susceptibilities follow, more or less, the additivity rule for a 
mixture. ‘This shows that the formation of the iodide-todine complex, KI‘I, 
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in the reaction may have only a slight influence on the susceptibility (cf. 
Bhatnagar, Kapur and Varma, Indien J. Phys., 1934, 9, 131 ; Ranganadham, 
ibid., 1931, 6, 421). 

In case of the,catalysed reaction, the magnetic data (Table II 3) reveal 
that 

(a) at the initial stage, the mixture Jaw is obeyed ; 

(b) at intermediate stages, there is a marked divergence from it and the 
trend of values is towards greater diamagnetism ; 

(c) at the final stages, divergence is but slight. ‘This clearly indicates 
the formation of a relatively stable intermediary which is responsible for the 
accelerated velocity of the reaction. If iodine is liberated mereiy via ferric 
sulphate, as has been suggested by Kiss and Zombory (loc. cit.), the suscep- 
tibility of the resulting solutions ought to have remained more or less 
unchanged or at any rate the trend of values should have been towards 
lesser diamagnetism. (The ionic susceptibilities for Fe’’ and Fe’’’, calculated 
from the observed values for FeSO, and Fe.(SO,); are Xperts 11437 * io * 


and Xperts =II4O5 X 10°), 


This is contrary to observations and hence it appears that the reaction 
mechanism involves the formation of a relatively stable diamagnetic or 
feebly paramagnetic complex, but it is abundantly clear that the mere 
formation of ferric sulphate cannot wholly account for the accelerated 
reaction velocity. ‘The reaction mechanism may possibly entail the formation 
of a six-fold complex co-ordination compound of ferrous ion, since such a 
compound will have zero magnetic moment (Bose, Phil. Mag., 1928, 5, 1048 ; 
Welo end Baudisch, Nature, 1925, 116, 606), as for example in the case of 
potassium ferrocyanide. Though it is not possible to say purely from 
magnetic considerations as to what compound is actually developed in the 
reaction, yet the importance of this method lies in the fact that it throws 
doubt on the earlier concepts of the mechanism of this reaction and indicates 
the direction in which to look for a proper interpretation for which further 
work is in hand. 


UNrversity CHEMICAL LABORATORIES, 
UNIVERSITY OF THE PuNyaR, Received December 8, 1939. 
LAHORE. 
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PYRONES AND RELATED COMPOUNDS. PARTI FORMA- 
~ TION AND STRUCTURE OF 2:6-DIHYDROXY-1 :4-PYRONE. 


By R. KavusHar. 


2 :6-Dihydroxy-z :4-pyrone has been obtained from acetone dicarboxylic -acid and 
its various derivatives have been described. 


Pechmann and Neger (Annalen, 1893, 278, 186) found that the action 
of acetic anhydride on acetone dicarboxylic acid is unusual as the 
reagent acetylates the acid at-the carbon instead of at the hydroxylic oxygen 


yielding the acetylated product (1), which immediately changes to dehydro- 
acetocarboxylic acid (II). 


CO CO 
SN £6 
- ponte ged CHs=CO=Ci ieee 
CO CO - CO C-CH; 
| | \Z7 
CH, CH; O 
1) (11) 


According to them if purified acetone dicarboxylic acid is used in place 
of the crude one containing sulphuric acid, the yield of (II) is much 
decreased. : 

By shaking pure acetone dicarboxylic acid (free from sulphuric acid) 
with. acetic anhydride Willstétter and Pfannenstein (Annalen, raz, 422, 7) 
obtained the anhydride (III) of acetone dicarboxylic acid having the same 
melting point as fhe acid namely 137°. 


co co Co 
H.C CH, a : HC CH 
it 
OC CO: GR=C: C=R. “HO-C-C-0H 
SS 
O NH, 2NH, 


(mn) (Iv) (Vv) 
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Willstiitter’s experiment was repeated and it was fotind that at com- 
paratively low temperature (about 20°), ‘the anhydride (III) is formed but at 
room temperature (about 30°) a new substance is produced: which melted 
at 94° and which is found to be an isomer of (IID). The isomer differs from 
the anhydride in the following respects :— ; ‘ 


(i) - The anhydride sedaily oe in water fo form the acid while 
the isomer is stable and could be crystallised from hot water. : 

(ii) It dissolves in cold alkalis from which it is recovered anchansed: on 
quickly acidifying. But with hot aqueous alkali it is decomposed. 

(iia) It can be crystallised from hot alcohol with which the anhydride 
forms the acid-ester-of acetone dicarboxylic acid. _ oe 

(iv) It formsa nitrophenylhydrazone melting at 215°, while the oui aride 
does not. Acetone dicarboxylic acid, however, forms a nitrophenylhydra- 
zone. melting at 153°. 2 - 


The anhydride changes into the isomer in contact with hot acetic 
anhydride, while in contact with aqueous hydrochloric acid or sulphuric acid 
the isomer changes-gradually into the acetone dicarboxylic acid,-the presence 
of which is confirmed by the formation’ of addition product with boiling 
mercuric sulphate solution (Deniges, Compt. rend., -1898,-128, 680). - The 
change of the -isomer into the acid is not instantaneous -and obviousiy 
takes place via the anhydride. ; tee 

The isomer, therefore, is” 2:6-dihydroxy-z:4-pyrone (IV, R=OH). 
Like pyrones it forms a crystalline addition product with mercuric, chloride 
but- does’ not form a chloroplatinate or a picrate, probably because in. the 
formation of these, hydrochloric acid’ is necessary in- contact with which 
it changes into acetone dicarboxylicacid. It reacts with-p-nitrophenylhydra- 
zine which justifies the ketonic structure. _ : : ie 

With methyl alcoholic ammonia at o°, it forms the di-ammonium 
compound of 2:6-hydroxy-4-pyridone (V),- which is being tyesdadted 
further and will form part of a later communication. 

- With two molecules of phosphorus pentachloride tfle hydrochloride of 
2:6-dichloropyrone results melting at 105°, from which by neutralising -the 
-hydrochioric acid the dichloropyrone (IV, R=Cl) is obtained. 

With sodium ethyldte in alcoholic solution a disodium -compound . 
(IV, R=ONa) is formed. 

-- From the disodium compound and ethyl iodide in alcohol, _2:6-diethoxy- 
pyrone (IV, R=OEt) is produced. It is a pleasant smelling liquid, b.p. 65- 
68°/6 mm., which forms a crystalline addition product with. mercuric 


chloride, oO us 2 é . Me Mor aes ok ok 


e . «ie 
' a8 
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Acetyl chloride and acetic anhydride in the presence of a trace of 
sulphuric acid do not acetylate the dihydroxypyrone but produce de- 
hydroacetocarboxylic acid (II). Nevertheless, irom the disodium compound 
of the pyrone and 3:5-dinitrobenzoyl chloride. in boiling benzene the 
dinitrobenzoate [IV, R=C,H,(NO3)--CO-O], m.p. 90°, is produced. 

Attempts to obtain a diphenylurethane resulted in the formation of 
diphenylurea, a tendency shown by most of ithe tertiary alcoholic 
compounds, 


EXPERIMENTAL. 


Preparation of Acetone dicarboxylic Anhydride (III).—To well-cooled 
acetic anhydride (8 g.) purified acetone dicarboxylic acid (4 g.) was added 
and the mixture was shaken, temperature being not allowed to rise above 20°. 
T’he acid went into solution and on keeping for ; hour in ice and shaking, 
the anhydride separated as prisms- It was filtered, washed with benzene 
and dried, m.p. 136-37° (decomp.) changing to a red liquid, yield 2g. 

2:6-Dihydroxy-4-pyrone (IV, R=OH). Acetone dicarboxylic acid (50 g.), 
freed from sulphuric acid by crystallisation from acetic acid, was shaken at 
room temperaturt (30°) with acetic anhydride (roo g.) until the acid went 
into solution with slight evolution of heat. The solution was: allowed to 
remain overnight, when the dihydroxypyrone separated in shining plates 
and the colour. had changed to red. -It was filtered and washed with 
benzene. ‘the filtrate on standing gave a second crop of the pyrone, 
total yield of the crude product Js 28g. It crystallises from benzene in 
long shining needles, m.p. 94°. [Found: C, 47'2; H,3°7. M.W., (by 
titration), 128'4. CsH,O, requires C, 46°38; H, 3x percent. M.W., 128]. 
It develops a violet colour with ferric chloride, 

The nitrophenylhydrazone separated as a yellow solid on mixing the dihy- 
droxypyrone and #-nitrophenylhydrazine, separately dissolved in 50% 
acetic acid. It was filtered and washed with dilute acetic acid and crystallis- 
ed from pyridine, ‘np. ais’. (Found: N, 16°6. C.:H,O;N; requires N, 
16'0 per cent). 

The mercuric chloride addition product was obtained as a crystalline 
solid by mixing equivalent quantities of mercuric chloride and dihydroxy- 
pyrone separately dissolved in ether and on evaporation of the solvent. 
It crystallised from water, m.p. 235° (decomp.). (Found: Hg, 50°8. 
C,H,0,, HgCl, requires Hg, 50°2 per cent). ; 

Conversion of Acetone dicarboxylic Anhydride into Dihydroxy- 
pyrone.—The anhydride (0°5 g.) was dissolved in acetic anhydride (x g.) on 
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warming and left overnight. Next day on rubbing the pyrone separated in 
shining needles, yield o'4 g. It was crystallised from benzene in shining 
needles, m.p. and mixed im.p. with a genuine sample of the dihydroxy- 
pyrone a4°. 


Conversion of Dihydroxypyrone into Acetone dicarboxylic Acid.— 
The dihydroxypyrone was left in contact with a trace of hydrochloric acid 
when it went into solution. The resulting solution on pouring into boiling 
aqueous mercuric sulphate gave a white crystalline product, which proved to 
be identical with the addition product 2 Hg C;H,O;, HgSO,, 2 HgO. The 
addition product is insoluble in water and soluble in dilute hydrochloric acid. 
The presence of sulphuric acid, however, does not interfere in its formation. 


‘Di-ammonium salt of 2: 6-Dihyd1oxy-4-pyridone.—The dihydroxypyrone 
(2 g.) was added to well-cooled saturated methyl alcoholic ammonia (15 c.c.), 
and the solution was kept in ice for 2 hours when the ammonium compound 
separated as clusters of needles. It was filtered, washed with methyl alcohol 
and dried on a porous plate, m.p. 97° with sintering at 92°, yield almost quan- 
titative. It is very hygroscopic and it gives a violet colour with aqueous ferric 
chloride. It is very soluble in water and dilute hydrochloric acid. With 
cold caustic soda it evolves ammonia. (Found: N, 22°2. CsH;0,N, 2NHs, 
CH,OH requires N, 21°76 per cent) A similar compound,’ viz., ammonium 
salt of 2 : 6-dihydroxy-4-pyridone semicarbazone has been receutly described 
by Jacini (Gazzetta, 1937, 67, 715). 


Hydrochloride of Dichloropyrone was prepared from dibydroxy- 
pyrone (4°5 g., 1 mol.) and phosphorus pentachloride (15 g., 2 mol.). After 
keeping in boiling water for 5 minutes the reaction mixture 
. was added to water when a paste was. obtained which on extraction 
with boiling water and cooling deposited the dichloropyrone hydrochloride 
in thin silky plates, m.p. 103-4°, yield 12 g. If, however, the liquid after 
the reaction was distilled under reduced pressure after removing 
phosphorus oxychloride, it distilled at 110-130°/4 mm. with much decom- 
position, and it gradually solidified to colourless needlgs. Probably the 
hydrochloride during distillation dissociates into the dichloropyrone and 
hydrochloric acid. 


The hydrochloride crystallises from benzene in colourless needles, m.p. 
105°. [Found: C, 30%; H, 17; Cl, 53°4; M.W. (by titration). 196. 
C;H,0.Cl,, HCl requires C, 29°8, H, 15 ; Cl, 52°8 per cent. M.W., 20r'5 for 
monobasic] 


2:6-Dichloro-4-pyrone (IV, = Cl) was obtained from the hydrochloride 
by neutralising an alcoholic solution with 2N-caustic soda. The solution 
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was evaporated nearly to dryness at room temperature and the dichloro- 
pyrone was extracted with ethyl acetate. it crystallises as thick needles, 
m.p. 78-80°. (Found : Cl, 432. CsH,0.Cl, requires Cl, 43’0 per cent). 
Disodium compound of dihydroxypyrone was obtained by adding 

sodium ethylate prepared from 05 g. (2 atoms) of sodium with dihydroxy- 
prone (r°3 g., 1 mol.) in absolute alcohol. The sodium salt separating was 
filtered, washed with alcohol and finally with ether, yield 1°8g (Found in 
the compound dried at 120° for 6 hours: Na, 27°4. C;H.O,Naz requires Na, 
26°7 per cent). 

2:6-Diethoxypyrone (IV, R=OC.H;).—To the suspension of the sodiuin- 
derivative of dihydroxypyrone, prepared from 0°92 g. (2 atoms) of sodium to 
2°5g.(x mol.) of dihydroxypyrone, dissolved in alcohol, ethyl iodide (7 g.) 
was added and the mixture refluxed on a water-bath for 8 hours with 
the addition of more ethyl iodide (2 g.). On distilling off the alcohol 
and acidification, the oil was extracted with ether, the ethereal extract 
was washed with dilute alkali and water, dried over calcium chloride 
and ether distilled. It distilled at 65-70°/6mm., yield 15 g. \Found: C, 
59'0 > H, 6°6. CoH120, requires C, 58°7; H, 66 percent). The- diethoxy- 
compound isa colourless liquid with a pleasant camphor-like odour. It does 
not form a chloréplatinate or a picrate and it is insoluble in hydrochloric acid. 
In ethereal solution it forms an addition product with mercuric chloride, 
which was crystallised from water by evaporation of the solvent, m.p. 265° 
(decomp.). 4 ; - 
Action of Acetyl Chloride and Acetic Anhydride on Dihydroxypyrone.— 
The dihydroxypyrone was heated with the reagents in’ presence of a few 
drops of sulphuric acid and the reaction mixture on pouring into water gave 
shining plates, m.p..154°. It was identified to be dehydroacetocarboxylic 
acid by mixed m.p. and the formation of the potassium derivative. 


Di-3 : 5-dinitrobenzoate of the dihydioxybyrone was obtained by reflux- 
ing on a water-bath for 8 hours the suspension of the sodium compound of 
the pyrone (z mol,) in dry benzene and 3 :5-dinitrobenzoyl chloride ‘2 mols). 
It was filtered and the filtrate deposited crystals. They were collected 
and washed with ether and then with alcohol. It crystallised from benzene- 
alcohol as needles, m.p. 90°. From 2 g. of the sodium compound 0’5 g. of 
the pure substance was obtained. (Found: C, 43°7;H,14; N, x13. 
CyoHsOu.N, requires C, 44’r ; H, 1°55; N, 10°85 per cent). 

Action of Phenylisocyanate on Dihydroxypy1one.—Equivalent quantities 
of the dibydroxypyrone and phenylisocyanate were mixed and ihe mixture 
gently heated for ro minutes. On cooling a solid was obtained which was 
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filtered, washed with dilute caustic soda and finally crystallised from 90% 
alcohol as almost colourless prisms, m.p. 236-37°. (Found : N, 13’0 per cent). 


This proved to be diphenylurea, m.p. 238°. 
The author wishes to express his gratefulness to Prof. S.S. 


Deshapande for his kind interest in the work. 


CremicaL LaBoratory, 
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The Elements of Physico-Pharmaceutical Calculations ——By Pror. 
M. L. Scuororr. PusiisHepD BY THE U. P. PHARMACEUTICAL ASSOCIATION, 
1940; BenarEsS Hinpu UNIVERSITY, PP. 281. 


‘The book is intended for junior students acquainted with the funda- 
mental theories of chemistry. The treatment is very lucid. The author 
has spared no pains to explain the simple physical principles underlying 
chemical analysis by working out numerous well-selected examples. The 
chapters on electrochemistry and oxidation-reduction potentials are well 
written. ‘The discussion on significant figures in the opening chapter is 
welcome, and is hoped to be read with profit by those for whom itis 
intended. 


The tenth chapter contains a short treatment on calculations most 
frequently used in oil analysis. Similar calculations required in the analysis 
of various biochemical substances could be incorporated in this book on 
pharmaceutical calculations. ‘The chapter on indicators could be improved 
upon by discussing indicators other than methyl orange and phenolphthalein 
—both single and mixed,—and their application in biochemical analysis. 
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STUDIES IN THE NAPHTHALENE SERIES. PART I. 
SYNTHESIS OF 1-KETO-5-BROMO (OR CHLORO-)-7 :8- 
DIMETHOXY-1 :2 :3 :-4-TETRAHYDRONAPHTHALENE. 


By Rarat Husarw Sipprovr. 


1-Keto-5-bromo-7 :8-dimethoxy-z :2 :3 :4-tetrahydronaphthalene and 1-keto-5-chloro- 
7 :8-dimethoxy-1 :2 :3 :4-tetrahydronaphthaleue have been prepared The ketones give 
their characteristic derivatives. 


The object of the present synthesis was to synthesise some of the preli- 
minary degradation products of thebaine in order to confirm the 
statements by different workers (Annaien, 1924, 488, 34; J. Chem. Soc., 
1923, 123, 988; 10926, 2562). For this purpose the synthesis of 3 : 4-di- 
methoxy-§-ethyloctahydrophenanthrene was contemplated. This work is 
interrupted for want of facilities and so a brief note embodies the results so 
far achieved (Abstract of Dissertations, Oxford University, 1938, Vol. X). 
B- : 4-Dimethoxybenzoylpropionic acid and y-3 : 4-dimethoxyphenyibutyric 
acid have been obtained in good yield according to the mtthod of Haworth 
and Mavin (J. Chem. Soc., 1932, 160). ‘The latter gives a quantitative yield 
of y-6-bromo-3 : 4-dimethoxyphenylbutyric acid. This gives 1-keto-5-bromo- 
7 : 8-dimethoxy-1 : 2: 3 : 4-tetrahydronaphthalene in 10-15% yield on treat- 
ment with phosphorus pentoxide. The use of the related chloro-acid improves 
the yield of the ketone (35%). The optimum conditions for the reaction 
have yet to be found. 


EXPERIMENTAL. 


8-3 : 4-Dimethoxybenzoylpiopionic acid was prepared according to the 
method of Haworth and Mavin (loc. cit.) and crystallised from dilute acetic 
acid in prisms, m.p. 160-61° (cf. Haq, Kapur and Ray, J. ‘Chem. Soc., 1933, 
1088, who give m.p. 165°). This acid on Clemmensen reduction gave an 
oily product, which on rubbing and standing after the solution had been 
diluted with water, separated in slightly coloured beads and after distillation 
was recrystallised from dilute acetic acid at o° in white shining prisms, 
m.p. 60-61° (m.p. 57-59°, Haworth and Mavin, loc. cit.). 

y-6-Bromo-3 : 4-dimethoxyphenylbutyric Acid.—The preceding acid 
(46-5 g., x mol.) was dissolved in acetic acid and bromine vapour (rz-18 g., 
1 mol.) diluted with dry air was passed through the solution when the bromo- 
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acid separated in prisms. On recrystallisation from acetone it melted at 
139-40° (mn.p. 135-36°, Haworth and Mavin). It is soluble in acetone, 
ethyl acetate, benzene, alcohol, less so in ether and-insoluble in petroleum 
ether, It suffered no‘loss in weight on drying at 100° in vacuo. (Found: 
"<, AyL ;-H, 5-0; Br, 25-43; OMe, 18-5. Calc. for €,,H,,0,Br : C, 47-5; 
H, 5-1; Br, 26-4; OMe, 20-5 per cent). aa s 
u-Keto-5-bromo-7 : 8-dimethoxy-1 : 2:3 : 4-tetrahydronaphthalene.—The 
preceding acid (5 g.) was dissolved in moist benzene (soo c.c.) and to the 
gently boiling solution phosphorus pentoxide (50 g.) was added in four 
instalments during rfhour. The solution, after refluxing for - further 
4 hour, was cooled and the mixture decomposed by adding ice to the solution 
at o°, It was then made alkaline with sodium hydroxide and extracted with 
benzene. ‘The dark oily residue (3 g.) from the washed and dried benzene 
layer was dissolved in alcohol and water added to it when some dark brown 
"slimy product separated which was rejected. The clear solution on slow 
“evaporation pave the ketone in thick crystals in 10-15% yield which after 
recrystallisation from dilute acetic acid had m.p. 91-92°. “In a second ex- 
periment an attempt was made to purify the crude ketone {13 g.) by convert- 
ing it into its semicarbazone but three products were obtained on frac- 
tional crystallisation of which the second was perhaps the mixture and the 
first only was the desired product: () m.p. 198° (1-8 g.); (ii) m.p. 188° (3 g.); 
(iit) m.p. 152-59° (6-5 g.). The last fraction gave values which showed that 
it was not the required product. (Found in material dried at 100° in vacuo : 
C, 45-43 H, 5:2; N, 7-4. CisHisO;NsBr requires C, 45-6; H, 4-7; N, 12-3 
per cent). ‘The ketone as isolated above after decolourising with charcoal 
from its methyl alcoholic solution * crystallised in perfectly white long thick 
prisms, m.p. g1-92°. (Found in air-dried material: C, 50-9; H, 4-8; Br, 
29°38; OMe, 21-3. Cy2H303Br requires C, 50-5; H, 4°6; Br, 281; OMe, 21-8 
percent). The 2: 4-dinitrophénylhydrazone was obtained in clusters of 
orange needles, insoluble in alcohol and water, m.p. 220-25° (decomp.). 
The semicarbazone separated in square plates, m.p. 215° after crystallisation 
from alcohol. (Found: C, 46:2; H, 4-7; N, 11-8. CisHisO3N3Br re- 
quires C, 45-6; H, 4-7; N, 12°3 per cent). 

The semicarbazone (z-7 g.) was hydrolysed by boiling with 20% 
aqueous oxalic acid solution (4 g. in 20 c.c. of water). After 25 minutes an 
oil.began to separate which on further refluxing became crystalline and 
melted at "r42-43°. It is soluble in sodium carbonate and gives no 
depression with the bromo-acid on admixture. The semicarbazone (0-5 g.) 
and oxalic acid (o-5 g.) were refluxed together in acetone solution (50 c.c.) 

. for about 5 hours after which the straw-coloured solution .was-. evaporated. 
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The residue, after adding water, was shaken three times with ether when 
unchanged semicarbazone separated from the aqueous solution (0°25 g.). 
The ether solution was washed with water, dried over anhydrous sodium 
sulphate and after removal of the solvent gave the bromo-dimethoxytetralone 
in amber-coloured aggregates of needles, 1 p. gr-92° and gave no depression 
on admixture with a pure specimen of the ketone. 

y-6-Chloro-3 : 4-dimethoxyphenylbutyric Acid.—To a solution of B-3:4- 
dimethoxyphenylbutyric acid (zo g.), in acetic acid (25 c.c.), 
chlorine generated from potassium permanganate (5-Sg.) and diluted with 
carbon dioxide. was ‘passed slowly ato°. The mixture was allowed to 
stand overnight when the chloro- acid (2-9 g.), m-p. rrz-12°, separated in 
perfectly white needles. A further quantity was obtained from the solution 
by addition of water (total yield 9-9 g.).. The acid was recrystallised from 
ether-acetone mixture in, thick white prisms, m.p. 1r1-12°. (Found in 
material dried at 100° in vacuo: C, 55-5; H, 6:0; Cl, 13°7; OMe, 25-8. 
C,2H1;0,Cl requires C, 55°6 ; H, 5-8; Cl, 13°7; OMe, 24-0 per cent). 

1-Keto-5-chloro-7 ; 8-dimethoxy-1 : 2:3: 4-tetrahydronaphthalene.— 
The preceding chloro- acid (10 g.) was dissolved in benzene (800 c.c.) and 
treated with phosphorus pentoxide (75 g ) as in the previous case. The crude 
ketone was distilled in vacuo. ‘The distillate crystallised from an alcohol- 
ether mixture in prisms and had m.p. 75°, unchanged after crystallisation 
from methanol (charcoal). (Found in material dried over Pos: C, 59'r, 
H, 5-4; Cl, 15-1; OMe, 24°2. C,2H,;03Cl requires C, 59-9; H, 5-4; Cl, 
14:8; OMe, 25-8 per cent). 

The oxime, prepared in the usual way, crystallised in prisms from 
methanol in which it is difficultly solubles m.p. 187°. (Found in material 
dried at roo° in vacuo: C, 564; H, 5:2; N, 5-4. Ci2Hy,O3NCI requires 
C, 56-4; H, 5:5; N, 5-5 percent). The 2: 4-dinitrophenylhydrazone had 
m.p. 239-40°. ; 

The micro-analyses were done by Drs. Weiller and Strauss, Oxford. 
The author wishes to express his sincere thanks to Professor Sir Robert 
Robinson, Kt., F.R.S. for his advice and encouragement shroughout this 
investigation and to the Trustees, Dawoodbhoy Fazalbhoy Muslim Educa- 
tional ‘Trust, Bombay, for an Educational Ioan which enabled the author to 
take part in this investigation. . 
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STUDIES IN THE NAPHTHALENE SERIES. PART Il. 
SOME REACTIONS OF THE -CH,CO- GROUP. 


By Rarat Husain SrppIQgul AND SALAH-UD-Din. 


* B-3 :4-Dimethoxybenzoylpropionic acid failed to yield 1:4 diketone. 1 Keto-6 :7- 
dimethoxy-1 :2 :3 :4-tetrahydronaphthalene condenses smoothly with aldehydes. Deri- 
vatives with aromatic aldehydes are crystalline in most cases but the ketone dees not 
give any isonitroso derivative; its benzylidene derivative on oxidation gives m-hemi- 
pinic acid. ; 

The present investigation has as its object a new synthesis of 
m-hemipinic acid and a study in the rections of the -CH,"CO- group. 
- The problem arose in the attempted synthesis of 3:4-dimethoxy-f-ethyl- 
octahydrophenanthrene by one of us (R.H.S.). In this connexion 1-keto- 
5-bromo-7:8-dimethoxy-1:2:3:4-tetrahydronaphthalene has been prepared by 
cyclising y-2-bromo-4.5-dimethoxyphenylbutyric acid. This bromo-ketone 
on oxidation should give a derivative of hemipinic acid but 1-keto-6:7-- 
dimethoxy-1:2:3:4-tetrahydronaphthalene, obtained by the ring-closure of 
. 7-3:4-dimethoxyphenylbutyric acid should give m-hemipinic acid. Thus 
the syntheses of two important acids could be effected from one source. 
In the synthesis of m-hemipinic acid it was contemplated that 1:4-diketo-6:7- 
dimethoxy-1:2:3:4-tetrahydronaphthalene and 1-keto-6:7-dimethoxy-1:2:3:4- 
tetrahydronaphthalene would give benzylidene derivatives on condensation 
with benzaldehyde, which on oxidation would give the desited acid or it 
could be synthesised by acid hydrolysis of the isonitroso derivatives. 
Attempts to yield 1:4-diketone by cyclising-8-3:4-dimethoxybenzoyl- 
propionic acid or its ethyl ester in the presence of phosphorus pentoxide, zinc 
chloride, acetic anhydride, sulphuric acid, etc., have been unsuccessful. 

1-Keto-6 : 7-dimethoxy-1 : 2: 3 : 4-tetrahydronaphthalene does not give 
‘isonitroso derivative on treatment with amyl nitrite in presence of acid or 
alkaline catalysts (Ber., 1901, 34, 1487; 1882, 15, 1326; 1887, 20, 2x94; 

1893, 26, 241; 1896, 29, 2605) but it condenses smoothly with aldehydes. 
The derivatives of acetaldehyde, tormaldehyde and crotonaldehyde are all 

oily liquids and the compounds with aromatic aldehydes are in most cases. 

crystalline products. The following derivatives, 2-benzylidene-, 2-(o-,-m-, 
p-methoxy)- benzylidene, -2-(3:4-dimcthoxy)-benzylidene-, 2-cinnamylidene-, 

a-(o-, m- and p-nitro)-benzylidene-2-furfury|-1-keto-6:7-dimethoxy-tetra- 

hydronaphthalene, have been prepared and a-benzylidene derivative has 
been - oxidised with potassium permanganate’ in neutral solution. The 

reaction yields an acid, m.p. 174-78° (in.p. of m-hemipinic acid 172°, 
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J. Chem. Soc., 1897, 664; m.p. 195°) ibid., Igor, 400; m.p. 1910°; 
ibid., 1902, 1046, m.p. 175°, ibid., r9r0, 1136) in extremely poor yield. 
The conditions of oxidation in order to improve the yield of the acid are 
yet to be fixed up ; as we have to stop this work for the present we are 
publishiug the results so far achieved. 


ExPERIMENTAL. 


Condensation of 1-Keto-6:7-dimethoxy-1:2:3:4-tetrahydronaphthalene 
with Aromatic Aldehydes:  1-Keto-2-benzylidene-6.7-dimethoxy-1:2:3:4- 
tetrahydronaphthalene.—To a boiling solution of benzaldehyde (6 g.; 1 mol.) 
in absolute alcohol (125 c.c.) ketone (8°5 g.) was added in portions. On adding 
potassium hydroxide (2g. in roc.c of water) the solution turned yellow 
and it was kept simmering on a sand-bath for 2 hours. ‘The Solution on 
cooling yielded benzylidene derivative , m.p.129°, which on recrystallisation 
from chloroform-alcohol mixture (z:1) was obtained in light yellow silky 
needles, m.p. 131°. It is soluble in alcohol, acetone, ethyl acetate and 
readily soluble in chloroform and soluble in petroleum ether. (Found in 
material dried at 100° in vacuo: C, 77°12; H, 6°11. CjoH,,0, requires C, 
77°55; H, 6°12 per cent). ; : 

1-K eto-2-(o-methoxy)-benzylidene-6:7-dimethoxy-1:2:3:4-tetrahyd1 onaph- 
thalene.—o-Methoxybenzaldehyde (1°1 g.), alcohol (30 c.c ), ketone (15 g.) 
potassium hydroxide (0'5 g. in 2 c.c. of water) were treated as in the previous 
case and the solution after refluxing and cooling deposited yellow needles, 
m.p.143°. On recrystallisation from alcohol-chloroform cream-coloured 
shining needles {m.p.152°) soluble in ethanol, acetone, ethyl acetate and 
chioroform were obtained. (Found in material dried at 100° in vacuo: C, 
73°95; H, 6°17. CooH200, requires C, 74°07; H, 6°14 per cent). 

1-Keto-2-(m-methoxy)-benzylidene -6:7-dimethoxy-1:2: 3: 4 - tetrahydro- 
naphthalene.—The solution of m-methoxybenzaldehyde, ketone and 
potassium hydroxide in alcohol was refluxed for 2 hours and on dilution 
with water m-methoxybenzylidene derivative separated as a crysta- 
lline mass, m.p. 131°. It was obtained as cream-coloured hexagonal 
needles, soluble in acetone, chloroform, ethyl acetate and ether on 
recrystallisation from alcohol-chloroform mixture. (Found in material dried 
at 100° in vacuo : C, 73°49 : H, 63. CaoHaoO, requires C, 74°07; H, 6°14 per 
cent). 

1-Keto-2-(p-methoxy) -benzylidene-6:7-dimethoxy-1:2:3:4-tetrah ydronaph- 
thalene.—The above experiment was repeated with p-methoxybenzaldehyde 
and the p-methoxybenzylidene derivative was obtained in yellow needies, 
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m.p., 153°. On repeated crystallisation from alcohol-chloroform it had 
m.p. 159° and was soluble in the usual organic solvents. (Found in material 
dried at roo° in vacuo: C, 73°7; H,6°27. CooH2.0, requires C, 74°07 ; H, 614 
per cent). 

1-Keto-2-(3:4-dimethoxy)-benzylidene-6:7- dimethoxy-1:2:3:4 -letrahyd1o- 
naphthalene.—Methylvanillin (x°6 ¢.), alcohol (20 c.c.), ketone (x°8 g.), potas- 
sium hydroxide (0°25 g. in 2 c.c. of water) after refluxing gave needles (2 g.), 
m.p.148°. It was obtained as cream-coloured needles, which crystallised 
from alcohol-chloroform, m.p. 148°. It is soluble in methanol, ethanol, 
acetone and ethyl acetate. (Found in material dried at 100° in vacuo: 
C, 7o'91; H, 6°14. Co:He20s requires C, 71°18; H, 6°24 per cent). 

1-Keto-2-furfuryl-6.7-dimethoxy-1:2:3:4-tetrahydionaphthalene was ob- 
tained from furfuryl aldehyde (0°70 g.), alcohol (20 c.c.), ketone (z’2 g.) 
potassium hydioxide (o'2 g. in2c.c. of water). The red solution after 
refluxing for 2 hours gave a yellow solid (x°5 g.), soiuble in acetone, ethyl 
acetate, ether and chloroform, m.p. 151°. ; 

. x-Keto-2-(3:4-methylenedioxy) - benzylidene-6:7-dimethoxy-1:2:3:4-telra- 
hydronaphthalene was obtained by condensing piperonal (1°2 ¢.) with 
the ketone (1'5 g.) as light yellow needles (1'49.), m.p. 180°, soluble in 
ethanol, chloroform and acetone. On recrystallisation it had m.p. 182°. 
(Tound in materiaf dried at 100° in vacuo: C, 70°63; H, 5°43. CaoH.,0; 
requires C, 71°00 ; H, 5°32 per cent). 

1-Keto-2-cinnamylidene-6:7-dimethoxy-1:2:3:4-tetrahydronaphthalene was 
obtained in yellow needies, m.p. 155°, soluble in the usual organic solvents. 
On recrystallisation it had m.p. 160°. (Found in material dried at xo0° in 
vacuo: C, 77°30; H, 6:26. CoiH2oOs requires C, 78°75 ; H, 6°25 per cent. 

CayH00s, 4 H.O requires C, 77°69 ; H, 6°31 per cent). 

1-Keto-2-(m-nitro)-benzylidene-6:7-dimethoxy-1:2:3:4-tetrahydronaphtha- 
lene was obtained from m-nitrobenzaldehyde (x‘2 g.), ketone (x°5 g.), potassium 
hydroxide (0’5 g. in 2 c.c. of water) and alcohol (30 c.c.). The solution on 
adding potassium hydroxide turned dark in colour and at once solidified. 
The condensate was filtered at the pump and washed with a little alcohol, 
m.p.175°. On recrystallisation from alcohol-chloroform it was obtained in 
light yellow shining plates, m.p. zgo°, soluble in ethanol, methanol, 
acetone, and insoluble in ether and petroleum ether. (Found in material dried 

at 100° in vacuo: C, 67°21; H, 5°23 ; N, 4°36. CisHi;O;N requires C, 67'25; 
H, sor; N, 4°12 per cent). Likewise derivatives with o- and p-nitro- 
benzaldehydes were prepared but they are dark brown amorphous powder 
and melted at 152° and 270° respectively and are soluble in chloroform, 
acetone andethyl acetate. (Found in p-nitrobenzylidene derivative after 
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drying at 100° in vacuo: N, 4°13. CysHiyO;N requires N, 4°12 per 
cent). 

Condensation of the Ketone with Acetaldehyde, Formaldehyde and 
Crotonaldehyde.—Acetaldehyde (0°56 g.), alcohol (20 c.c ) and kétone (1°5 ¢) 
were refluxed in the presence of potassium hydroxide (o'5 g ) and on work-ng 
up athick oily substance was obtained. Likewise similar products were 
obtained with formaldehyde and crotonaldehyde. 

Oxidation of  1-Keto-2-benzylidene-6:7-dimethoxy-1:2:3:4-tetrahyéra- 
naphthalene with Potassium Permanganate-——To a solution of the ketone 
(4°26 g.) in acetone at 0° finely powdered potassium permanganate (6 g.) wes 
gradually added with -constant stirring. The pink solution wes 
filtered at the pump from the slimy precipitate and after destroying excess 
of potassium permanganate with alcohol it gave some unreacted ketoze, 
The slimy precipitate was dissolved in water and itsether extract after 
acidification with dilute hydrochloric acid gave a mixture of benzvic 
acid and an acid with a brownish tinge, m.p. 174-78°. The latter was 
not sufficient for further characterisation and confirmation. During the 
course of work some sticky products were also obtained from which 
nothing definite could be isolated. 

The micro-analyses were done by Dr. Ing. A. Schéller, Berlin. The 
authors express their thanks to Capt. M. Haidar, Chairman of the Chemistry 
Department for the facilities offered during this investigation. 
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STRYCHNINE AND BRUCINE. PART IV.* A NOTE ON 
ISOSTRYCHNIC ACID. 


By Rarat Husain Srppigvl. 


tsoStrychnic acid is monobasic, gives crystalline salts and undergoes cyclisation 
with benzov] chloride and acetic anhydride and with the latter gives O-acetyl derivative 
With 50% nitric acid it gives dinitro-isostrychnic acid and an amorphous acid, 


Perkin and Robinson (J. Chem. Soc., 1927, 2396) reported that iso- 
strychnic acid could neither be benzoylated nor reduced with hydrogen 
and palladium, while Ciusa described a benzoyl derivative (Gazzetta, 
1928, 58, 774). ‘he acid after purification and_ crystallisation (vide 
experimental) had m.p. 240° and on treatment with acetic anhydride 
gave O acetylisostrychnine, m.p. 195-96° (mp. 133-34° ; O-acetyldihydro- 
strychnine, m.p. 195-96°, J. Chem. Soc., 1927, 2389; Cisua, Aiti. R. 
Acad. Lincci, 1919, 28, 185) while after treatment with benzoyl] chloride 
only isostrychnine could be isolated The acid could not be nitrated 
with 5% and 10% hot nitric acid but 20% nitric acid gave an amorphous 
powder (Tafel, Annalen, 1898, 301, 285) and with 50% nitric acid crystalline 
dinitrvisostrychnic acid nitrate and a second amorphous acid, agreeing with 
the formula C..H.,0yN,, 3$H.0, was isolated. isoStrychnic acid as well as 
its acetyl and dinitro derivatives giye crystalline salts. 

isoStrychnic acid as well as isostrychnine was accommodated in the 
formulae of strychnine by Perkin, Robinson and others (J. Chem. Soc., ro10, 
3051; Gazzetta, 1924, 54, 516). The modifications of the strychnine 
formula have to take cognisance of this substance. The acid, like strychnic 
acid, isan iminocarboxylic acid and behaves asa monoacid base. Perkin 
and Robinson pointed out that the acid contains a molecule of water which is 
probably constitutionally bound, but it is shown in this paper that it 1s water 
of crystallisation as half of it is lost at 135° in vacuo. Strychnine and its 
derivatives are known to part with solvent of crystallisation with great 
difficulty. ‘the acid shows the presence of a hydroxyl group in the mole- 
cule as evidenced by its acetylation and its cyclisation to isostrychnine with 
acetic anhydride. The alcoholic hydroxyl is postulated to be formed by 
scission of the oxide ring of strychnine and the carboxyl group by the 
rupture of the cyclic amide group under the influence of basic catalysts such as 
barium hydroxide and sodium ethoxide. ‘The reactionis not fully understood 
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but it is certain that the ether oxygen atom and the N’CO'CH,- group 
are involved. The formation of an acety: derivative, the existence of a 
carboxyl group together with the fact that isostrychnine and its derivatives 
de not give isonitroso or benzylidene derivatives support the view. iso- 
Strychnine has a double bond and on reduction gives dihydroisostrychnine, 
distinct from dihydrostrychnine, and thus the isomerism of the two is 
independent of double bond. Besides these some other changes also take 
place in the molecule. Pictet and Bacovescu have shown that a sulphonic 
acid of isostrychnine could not be isolated and that the molecule is readily 
oxidised by potassium permanganate. Similar discrepancy is observed 
in the present investigation as dinitrozsostrychnic acid can not be reduced, 
while the corresponding dinitrostrychnic acid under identical conditions 
gives diaminostrychnine. 

It is probabie that under the influence of basic catalysts a number of 
deep-seated changes takes place in the strychnine molecule and an extensive 
study of the subject is necessary to solve the problem. 


EXPERIMENTAL 
isoStrychnic Acid, tts Salts and Derivaiives. 


isoStiychnic acid was prepared by heating strychnine with barium 
hydroxide and water 1n an autoclave and was isolated in clusters of prisins. 
The impure crystalline acid was dissolved in the least quantity of dilute 
sodium hydroxide solution, and after adding sufficient alcohol and ether 
to keep the whole into solution, the dark’ impurities which separated were 
removed. From the light orange solution, amorphous cream-coloured 
isostrychnic acid was precipitated with acetic acid, well washed with water 
and alcohol and then crystallised from methyl alcoholic acetic acid in snow- 
white small prisms, m-p 240° (decomp.) (Perkin and Robinson, J. Chem 
Soc-, 1927, 2396, give m.p. 231°). Its solution in concentrated sulphuric acid 
with a little potassium dichromate gave greenish yellow colour which finally 
turned green but with 60% sulphuric acid an orange-red solution was obtained ; 
with a crystal of potassium chlorate in concentrated sulphuric acid it turned 
red and in concentrated and dilute hydrochloric acid with a little potassium 
dichromate, a red solution was obtained which soon turned into deep blood 
or cherry colour. It crystallised with one mol. of water, half of which was 
lost at 135°. (Found: loss, 1°8. }H.0 requires 2°5 per cent). (Found in 
material dried at 135° in vacuo: C, 7o.0; H, 7°6; N, 8x. CaH2OsNo, 
400 requires C, 69°8 ; H, 7°8; N, 7°8 per cent). 
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The hydrochloride, precipitated by adding ether to a clear solution of 
the acid in a few drops of methy] alcoholic hydrochloric acid, was crystallised 
from alcohol-ether mixture -in needles, m.p. 190-95° (frothing). (Found 
in ‘material dried at xrro°: Cl, 8°5. C2,H2,03;N2, H,0, HCl requires Cl, 
8°7 per cent). - - . 

The picrate was prepared in acetone solution. The residue after 
removal of acetone was well washed with acetone-ether mixture and crystalli- 
sed from methyl alcohol in pale yellow prisms, m.p. 187-89° (de- 
comp. 130°). 

Action of Acetic Anhydride on isoStrychnic Acid: Acetylisostrychnine. 
—isoStrychnic acid (2 g.) was heated with acetic anhydride (5 c.c.) at 100° 
for 5 minutes, when the acid dissolved to a red solution which after 
dilution with water (so c.c.) was further heated for $ hour. The 
filtered solution after cooling was made alkaline with ammonia and was 
extracted with chloroform. The residue from the dry chloroform extract 
was crystallised from alcohol-chioroform in prisms, m.p. 195-96° {decomp.). 


‘ he substance is sparingly soluble in alcohol. A solution of the base in 


concentrated sulphuric acid with a little potassium dichromate turned 
light violet and finally on long keeping brown, but if the solution was 
diluted with watar the violet colour turned into golden yellow. Thesulphuric 
acid solution of the base with a trace of potassium chlorate turned light 
greenish yellow which on dilution and keeping developed a light pink tinge, 
while the base in concentrated hydrochloric acid produced a golden yellow 
colour. At 100° in vacuo it lost 2 mols. H,O (Found in material dried at 
100° ih vacuo: C, 69°3; H, 69; N, 6'9 ; COCHs, 98. C21H220.N2 COCH,', - 


HO requires C, 69'8; H, 68; Ny7'r, COCHs, 10’9 per cent). 


The hydrochloride was obtained as a microcrystalline powder by 
adding dry hydrogen chloride in ether to a chloroform solution of the base. 
After reprecipitation with ether from’ methyl alcoholic solution it had 
m.p. 225-26°. (Found in material dried at 100° in vacuo: Cl, 8'2. 
Cr3H270.N2, HCI requires Cl, 8°2 per cent). 

The picrate was obtained by.adding ether solution of picric acid to 
a chloroform solution of the base and is soluble in alcohol and water, 


m.p. 184° (decomp.). 


Action of Benzoyl Chloride on isoSirychnic Acid: Formation of iso- 
Strychnine.—isoStrychnic acid (2 g.) was suspended in dry pyridine and 
benzoyl chloride (0’9 g.) was added in the ice-cold; the substance dissolved 
on shaking and the resultant red solution on standing overnight deposited 
a crystalline hydrochloride, which was well washed with ether and dried in 
vacuo over phosphorus pentoxide. The ether solution fiurnished benzoic 
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acid. The hydrochloride was recrystallised from methyl alcohol but only 
12 g. could be obtained and no definite product could be isolated from 
the mother-liquors. The crystalline hydrochloride was dissolved in chloro- 
form, made alkaline with a drop of alcoholic potassium hydroxide and the 
solution dried over sodium sulphate. ‘The straw-coloured solution on 
keeping deposited prisms which after washing with a little water and 
alcohol had in.p. 219-20° (decomp.). It gave the same colour reactions as 
isostrychnic acid. (Found in material dried at 100” in vacuo: C, 68’0; 
H, 72; N, 7°4. CasElesOaNo, 2H.0 requires C, 68°10; H, 7°00; N, 7 57 
per cent). Obviously it was zsostrychnine (cf. J. Chem Soc., 1927, 2389, 
where in.p. 220° is recorded). 

Action of Nitric Acid on isoStrychnic Acid.—Nitration was tried with 

5% and 10% nitric acid by refluxing the acid for several hours but no 
definite substance could be isolated. Nitric acid (20%) gave an amorphous 
dinitroiso-acid (cf. Tafel, loc. cit.), but on raising the concentration to 50% 
well detined products were obtained. isoStrychnic acid (5 g.) was dissolved 
in 50% nitric acid in a glass dish and heated on the boiling water-bath with 
constant stirring when the solution turned deep red and finally faded to a 
deep orange-yellow colour with simultaneous evoiution of nitrous fumes and 
separation of a dull yellow crystalline powder in prismse (A, 3g.). The 
whole process took about 5-7 minutes. ‘The filtrate on dilution with water 
gave an amorphous brown-red precipitate (B, 0'8 g.). 
; Fraction B.—The amorphous acid charred from 260-70° and was solu- 
ble in methanol, dissolved sparingly in ethanol and readily in acetone. It 
was also soluble in ammonia, alkalis and in acetic acid from. which it came 
down on dilution with water. The acid could not be induced to crystallise 
and gave the following analytical data after drying at 100° invacuo. (Found: 
C, 46°8; H, 60; N, ro’x per cent). 

Fraction A: Dinitroisostrychnic Acid.—This mass was obtained in agere- 
gates of prisms when the hydrochloric acid solution of “A ’”’ was filtered 
into dilute ammonia containing a little alcohol. It was washed with water 
and alcohol. It is insoluble in alcohol, water and other*°common organic 
solvents and it does not melt below 325°. (Found in material dried at 100° 
in vacuo: C, 5343; H, 53; N, 1176. Co:H»20,N., 14H.0 requires 
C, 53°73; H,5°3; N, 120 per cent). The acid like dinitrostrychnic acid 
is basic in character and forms well defined crystalline salts which do 
not melt below 325°. 

The hydrochloride, sparingly soluble in alcohol, was obtained in 
aggregates of needles when the acid was dissolved in dilute hydrochloric 
acid or methyl alcoholic hydrochloric acid. 
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‘The sulphate was obtained in long needles on addition of methyl 
alcohol to a sulphuric acid solution of dinitroisostrychnic acid nitrate. . 

Action of Reducing Agents on Dinitroisostrychnic Acid.—Dinitroiso- 
_ strychnic acid (1°8 g.), concentrated hydrochloric acid (5 c.c.), and zine (2 g.) 
were warmed on the boiling water-bath when the deep red solution turned 
greenish,’ bluish and finally slightly red in colour. The filtered solution on 
cooling was made ammoniacal with concentrated ammonia, zinc removed 
with hydrogen sulphide but nothing definite could be isolated from the 
dark filtrate. E 

Stannous chloride and hydrochloric acid and methyl alcoholic hydro- 
chloric acid and iron did not give any definite reduction products. 


‘The micro-analyses were done by Drs. Weiller and Strauss of Oxford. 
The ‘author wishes to express his sincere thanks to Professor Sir Robert 
Robinson, Kt., F.R.S., for his advice and encouragement throughout this 
investigation and to the Trustees, Dawoodbhoy Fazalbhoy Muslim Educa- 
- tional Trust, Bombay, for an Educational loan which enabled the author 
to take part in this investigation. : 
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EXPERIMENTS ON THE SYNTHESIS OF KETO-ACIDS. 
SYNTHESIS OF 2-P-METHOXYPHENYLCYCLO. 
PENTANONE-3-CARBOXYLIC ACID. 


By NRIPENDRA Nats CHATLERJEE AND GIRINDRA NATH BARPUJARI. 
{ 


2-(p-Methoxyphenyl)-cyclopentanone-3-carboxylic acid has been synthesised with 
a view to study a scheine of work for the synthesis of phenanthrene derivatives related to 
natural products. 2 


Anisaldebyde cyanohydrin (I) is allowed to react with the sodium salt 
of ethyl cyanoacetate when the sodium derivative of ethyl a-dicyano-(- 
(p-methoxyphenyl)-propionate (II) is obtained. It is allowed to react with 
ethyl @-chloropropionate when diethyl a8-dicyano-a-(p-methoxyphenyl)-n- 
butane-£3-dicarboxylate (III) is obtained. When hydrolysed by means of 
sulphuric acid (20%) the latter yields o-(p-methoxyphenyl)-n-butane-o88- 
tricarboxylic acid (IV), the triethyl ester of which undergoes cyclisation 
in presence of sddium in dry benzene to yield diethyl 2-(p-methoxypheny])- 
cyclopentanone-3:5-dicarboxylate (V, R=R/=CO,Et). + This ester on 
hydrolysis and decarboxylation yields 2-(p-methoxyphenyl)-cyclopentanone- 
3-carboxylic acid (V, R=CO.H ; R’=H). 


a 
on ae x 
a , we a be AGN out 
| CN | CN | CH,'CH,’COEt 
MeV MeO MeO 
(I) (Iq) (III) . 
COOH CH, 
R'CH/ ‘NCH'R! 
aK “\cH,'CO.H / coco 
MeO’ MeO 
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EXPERIMENTAL. 


Anisaldehyde Cyanohydiin (I).—Anisaldehyde (60 g.) was added 
gradually to 200 cc. of a solution of sodium bisulphite (250 g. of 
sodium bisulphite in 300 c.c. of water). The flask was shaken and 
cooled in ice during addition. The bisulphite compound was collected, 
washed with spirit (x00 c.c.) and added gradually with stirring and cooling 
to a solution of potassium cyanide (60 g. of potassium cyanide in 
go c.c. of water). The heavy oil was then extracted with ether and washed 
successively with water, sodium bisulphite solution, water, sodium bicarbon- 
ate solution and finally with water. The ether solution was then dried 
over anhydrous sodium sulphate and the solvent removed under reduced 
pressure at 30° with the addition of two drops of concentrated sulphuric 
acid. The resultant oil solidified on standing in the refrigerator and the 
solid was then ground with petroleum ether (b.p. 30-60°), filtered off, 
washed with petroleum ether and recrystallised from ether-petroleum ether 
mixture, m-p. 67°, yield 60-70%. 

Diethyl of-dicyano-a-(p-methoxyphenyl)-n-butane-B8-dicarboxylate (III). 
—Ethyl cyanoacetate (96 g.) was added to an ice-cold solution of soditim (20 g.) 
in alcohol (240 c.c*) and anisaldehyde cyanohydrin (110 g.) was gradually added 
to the suspension of ethyl sodiocyanoacetate. Considerable heat was generated 
after each addition and it was found necessary to regulate the temperature 
by cooling in ice-water, and the clear red liquid was allowed to stand 
for x2 hours when the whole mass solidified toa red cake. ‘The product 
of reaction was mixed with ethyl] B-chloropropionate (106 g.) and after 
the initial reaction had abated was boiled under reflux for 15 hours. It 
was filtered and wasbed with dry ether. The filtrate was diluted with 
water and extracted with ether. The ethereal solution was washed with 
water, dried with calcium chloride and the solvent removed. The dicyano 
ester was distilled as a viscous liquid at 233-36°/4 mm., yield 45g. 
(Found : C, 64:0 ; H, 63. CisHosO05Nz requires C, 63°6 ; H, 61 per cent). 

o-(p-M ethoxybhenyl)-n-buiane-a88-tricarboxylic Acid (IV).—A_ solution 
of the above cyano-ester. (III, 40 g.) in concentrated sulphuric acid 
(45 cc. } was diluted with water (320 c.c.) and refluxed for 50 hours on a 
sand-bath. After cooling, the mixture was diluted with water and extracted 
with ether and -the ethereal extract was treated with sodium carbonate 
solution. On acidification of the carbonate solution, the acid was obtained 
in the form of agum which was extracted with ether. After drying over 
anhydrous sodium sulphate, the ether was removed and the gummy acid 
was kept in a vacuum desiccator, when it solidified. It was crystallised 


y 
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from hot water, m.p. 183° (rapid heating), yield 20g. (Found: C, 571; 
H, 54; Equiv., zor. C,,H,,0, requires C, 56°7; H, 5.4 percent. Equiv. 
98°67). 

The triethyl ester was obtained in an almost quantitative yield from 
the acid by the alcohol vapour method. [The acid (30 g.), absolute alcohol 
{roo ¢.c.), concentrated sulphuric acid (9 c.c.), 4 litres of vapourised alcohol 
(4-5 hours)]. After dilution with a large volume of water, the ester was 
extracted with ether, the ethereal extract shaken with sodium bicarbonate 
solution and washed again, dried with sodium sulphate and ether removec. 
It was distilled at 205-15°/3 mm., yield 28 9g. (Found: C, 63°4; H, 6’c. 
CoyH.,0, requires C, 63'1 ; H, 7°3 per cent). 

Dicthyl  2-(p-Methoxyphenyl)-cyclopentanone-3 : 5-dicarboxylate (\, 
R=R’=CO.Et).—A mixture of the foregoing ester (30 g.) and molecular 
sodium (3-6 g.) in dry benzene (75 c.c.) was refluxed for 10 minutes to start 
the reaction. The heating was discontinued until the vigour of the reactioa 
abated and heating was then continued for 2 hours. After cooling, the 
product was treated with cold dilute sulphuric acid and the benzene layer 
washed with aqueous sodium bicarbonate and with water, dried and solvent 
removed. ‘The residue in alcoholic solution gave a reddish violet colouration 
with ferric chloride. ‘The ester distilled with much decomposition et 
202-212°/4 mm., yield6g9. (Found: C, 65-1; H, 63. C,sH2.0, requires 
C, 64:6 ; H, 6-5 per cent). 

2-(p-Methoxyphenyl)-cyclopentanone-3-carboxylic Acid (V, R=CO.H ; 
R’=H).—The above ester (10g.) was refluxed with excess of dilute 
sulphuric acid (20%) for 14 hours and the cooled solution saturated with 
ammonium sulphate, repeatedly extracted with ether and the extract 
washed with water and dried. After removing ether it was kept in a 
desiccator when it crystallised. Recrystallised from ether it melted at 135°, 
yield 3g. (Found: C, 66-7; H, 5-77- CisH.4O, requires C, 66-67, H, 
5°9 per cent). ; 

The semtcaibazone of the above keto-acid was crystallised from alcoho., 
m.p. 233°, (decomp.). (Found: N, 14-4. C,Hi,0,N; retires N, 14°4 per 
cent). 

Ethyl o8-Dicyano-B-(p-methoxyphenyl)-propionate {I).—Anisaldehyde 
cyanohydrin (55 g.) was condensed with ethyl sodiocyanoacetate, prepared 
from ethyl cyanoacetate {48 g.) as before. The product was then poured into 
water and the solution acidified with hydrochloric acid. The separating o.] 
was extracted with ether, the ethereal extract washed several times wita 
water, then thoroughly with a dilute solution of sodium carbonate and after 
drying over calcium chloride evaporated. The dicyano-ester was distilled 
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asa viscous liquid at 225°/5 mm., which solidifies in a vacuum desiccator 
over sulphuric acid. It was crystallised from alcohol as colourless crystals, 
m.p. 81°, yield 30g. (Found: N, rz. CyH,0,N, requires N, 10-85 - 
per cent). 

The'sodium carbonate washing from the ethereal solution gave an. 
acid containing nitrogen and crystallised from alcohol in needle-shaped . 
crystals, m.p. 226°. Since the quantity formed was too small an investiga-' 
tion of its constitution could not be made. 


Our respectful thanks are aes to Sir P. C. Ray and Prof. P. C. Mitter 
for their kind interest in the work. 
Srr P. C. Ray Ferlow's LaBorArory, 
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EXPERIMENTS ON THE SYNTHESIS OF KETO-ACIDS. 
ACTION OF SODIUM ETHOXIDE ON DIETHYL 
CYCLOPENTFANONE-2-CARBOXYLATE-2-ACETATE. 


By Nripenpra Nata Cuarreryeg, Basanta Kumar Das 
AND GIRINDRA Nats BARPUJARI. 


Diethyl cyclopentauone-2-carboxylate-2-acetate yields ethyl 5-carbethoxycyclopenta- 
none-2-acetate by the action of sodium ethoxide in alcoholic solution. 


During an investigation on the synthesis of carvestrene it was observed 
by Perkin and co-workers (J. Chem. Soc., 1909, 95, 2010) that ethyl 
pentane-aéde-tricarboxylate (I) is cyclised m presence of sodium in benzene 
to ethyl cyclohexanone-3 : 6-dicarboxylate (II), although there is the 
possibility of the formation of the other isomer namely, ethyl 5-carbethoxy- 
cyclopentanone-2-acetate (II, R=H). 

In course of a synthetic work it is observed that diethyl cyclopentanone- 
2-carboxylate-2-acetate, obtained from ethyl cyclopentanone-2-carboxylate 
aud ethyl chloroacetate, is transformed by boiling sodium ethoxide into 
5-carbethoxycyclopentanone-2-acetate (III, R=H), the mechanism being 
obviously alcoholysis to ester (I) and subsequent ring-closure in a new 
position. It is our experience, however, that the five carbon ring is almost 
invariably formed in preference to the six carbon ring, where the two 
possibilities simultaneously exist. The constitution of the ester (III) is 
established by hydrolysis to cyclopentanone-2-acetic acid (IV, R=H). 
As itis quite possible that cyclopentanone.2-acetic acid may be obtained 
from the unchanged ethyl cyclopentanone-2-carboxylate-2-acetate, an 
additional rigid proof of the constitution of the ester is afforded herein. 
Diethyl 5-carbethoxycyclopentanone-2-acetate-5-propionate (VI), obtained 
by the action of ethy! 8-chloropropionate on the sodium salt of (III, R=H), 
on hydiolysis yields an acid which is identical in all respects with 
cyclopentanone-2-acetic-5-propionic acid (VIII), prepared by a rational 
synthesis. 

Ethyl cyclopentanone-2-carboxylate-2-propionate, obtained by the action 
of ethyl 8-chloropropionate on the sodium salt of ethyl! cyclopentanone-2- 
carboxylate, is transformed by boiling sodium ethoxide into ethyl 5-carb- 
ethoxycyclopentanone-2-propionate (V, R=H). The possibility of the 
formation of a six carbon ring does not exist in this case. Diethyl 5-carb- 
ethoxycyclopentanone-2-propionate-s-acetate (VII), obtained by the action 


3 
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of ethyl chloroacetate on (V, R=H) yields the required cyclopentanone- 
2-acetic-5-propionic acid (VIII, R=CH,) on hydrolysis. 

That the transformation product is not a mixture of the esters (II) and 
(III, R=H) is evident from the observation that ethyl cyclopentanone-2- 
acetate, obtained as a product of hydrolysis and esterification of the trans- 
formation product, yields an almost quantitative yield of a semicarbazone 
having melting point and mixed melting point 174° (cf. Linstead and 
Meade, J. Chem. Soc., 1934, 935). 

Diethyl 5-carbethoxycyclopentanone-2:5-diacetate (III, R= CH,-CO,-Et) 
and diethyl 5-carbethoxy-cyclopentanone-2:5-dipropionate (V, R=CH,-CH,: 
CO.Et, obtained by introducing an acetic acid and propionic acid residue in 
esters (II1, R=H) and (V, R=H) respectively, yield cyclopentanone-2 : 5- 
diacetic acid and cyclopentanone-2 : 5-dipropionic acid on hydrolysis. 


CH» 
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EtOsC’CHg CH°COgEt > Et0.CHC\ /cHe 
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EXPERIMENTAL. 


Ethyl 5-Carbethoxycyclopentanone-2-acetate (IU, R=H ).—Diethyl 
cyclopentanone-2-carboxylate-2-acetate, required for the preparation of the 
above compound, was prepared as follows :—Finely divided metallic sodium 
(7-4 g.) in dry benzene (267 c.c.) was slowly treated with ethyl, cyclopenta- 
none-2-carboxylate (50 g.). The mixture was then refluxed on the water-bath 
for 2 hours. It was dllowed to cool and ethyl chloroacetate (44 g.) added 
and further refluxed for 4-hours. It was then cooled, diluted with water and 
extracted with ether: The ether-benzene layer was washed with water, 
dried over calcitim chlaride, thé solvents removed and the residual oil was 
distilled at 142-44°/4mm. A mixture of diethyl cyclopentanone-2-carboxylate- 
a-acetate (80 g-) and alcoholic sodium ethoxide (8-3 2. sodium and 138 c.c. of 
alcohol) was refluxed for 8 hours on the sand-bath. The product was treated 
with ice-cold dilute sulphuric acid and extracted with ether, the ethereal 
extract was washed with water, dried over sodium sulphate‘and the ether 
removed, It was then distilled at 160-65°/6 mm., yield 60g. It gives deep 
violet colouration with ferric chloride (cf. Perkin and co-workers, loc. cit.). 
(Found: C, 59°87; H,7°5. CisHisO; requires C, 59:5; H, 7-4 per ceut). 

cycloPentanone-2-acetic Acid (IV, R=H).—The above ester was hydro- 
lysed with two volumes of boiling concentrated hydrochloric acid. Hydro- 
lysis was completed in 1 hour and 5 hours more were required for decarboxyla- 
tion. After removal of the mineral acid under reduced pressure, cyclo- 
pentanone-2-acetic acid was distilied at-170-80°/5 mm. as an oil which soon 

" solidified, m.p. 51-53°:(mixed m.p.) (Linstead and Meade, loc. cit.). 


The semicarbazone of the above keto-acid crystallised from alcohol, 
m.p. 198°. (Found: N, 21-0. CsHisO3;N3 requires N, 21-1 per cent). 
cycloPentanone-2-acetic acid was also obtained by the method of Linstead 
and Meade (loc. cit.) in order to compare the m.p. of its semicarbazone with 
that of the above keto-acid. In a typical experiment 5 g. of ethyl cyclo- 
pentanone-2-carboxylate-2-acetate was hydrolysed with twoevolumes of boii- 
ing concentrated hydrochloric acid. After removal of the mineral acid under 
reduced pressute, cyclopentanone-z-acetic acid was distilled at 170-80°/5 mm., 
as an oil which soon solidified. It was converted into semicarbazone in the 
usual manner. The semicarbazone melted at 198° in agreement with that 


of the above keto-acid (mixed m.p.). 

- _ Semicarbazone of Ethyl cycloPentanone-2-acetate—cycloPentanone-2- 
acetic acid, obtained as described above, was esterified by keeping overnight at 
zoom temperature with 3 parts of alcohol saturated with hydrogen chloride, 
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It was obtained in 90% yield, b.p. 123°/13 mm. The semicarbazone, 
obtained in an almost quantitative yield, melted at 174° (cf. Linstead and 
Meade, loc. cit.). : ” ; 
Diethyl 5-Carbethoxycyclopentanone-z : 5-diacetate (III, R=CO.Et).— 
Ethyl 5-carbethoxy cyclopentanone-2-acetate (60 g.) was heated with a osus- 
pension of molecular sodium (6-5 g.) in benzene (120 c.c.) for 2 hours. The 
orange liquid was cooled and ethyl chloroacetate (40 c.c!) introduced and the 
mixture refluxed for 5 hours. The reaction product was mixed with water 
and a few drops of hydrochloric acid and the ester was isolated by. means of 
ether, ether washed, dried and the ether removed. It was then distilled at 
190-200°/8 mm., yield 30g. (Found: C, 58-3; H, 7-2. CysH-,0, requires 
C, 58-5; H, 7-3 per cent). 
cycloPenianone-2 : 5-diacetic Acid. A mixture of the above ester 
(30 g.) and concentrated hydrochloric acid (240 c.c.) was reflyxed for 
1 hour and the clear solution evaporated to dryness, finally under reduced 
pressure. ‘The residual crystalline solid was washed with saturated aqueous 
ammonium sulphate and then with a littie water, dried at 100°, and crystal- 
lised from a mixture of ethyl acetate and petroleum, m.p.177°, yield 18 g. 
(Found : C, 539 ; H, 5:94. CyHi20s requires C, 540; H, 6-0 per cent). 
The diethyl ester was prepaied by esterification of the above acid (10 g.) 
by means of alcohol (50 c.c ) saturated with hydrogen chloride at 0°. It 
was kept overnight and then refluxed for 7 hours. After dilution 1t was 
extracted with ether, the ethereal extract washed with sodium carbonate 
solution, then with water. After removal of ether, it was distilled at 
168-170°/6 mm, yield 8 g. (Found : C, 60°8 ; OH, 7°75. CisHaOs, requires : 
C, 60’9 ; H, 7-8 per cent). : : 
Ethyl 5-Carbethoxycyclopentanone-2-acetate-5-propionaie ( VI ).—Ethyl 
5-cat bethoxy cyclopentanone-2-acetate (x15 g-) was heated with a sus- 
pension of molecular sodium (1°6 g.) in benzene (30¢.c.) for 2 hours, The 
orange liquid was cooled and ethyl §-chloropropionate (10 c.c.) introduced and 
the mixture was refluxed for 5 hours. ‘The reaction product was mixed with 
water and a few drops of hydrochloric acid and the ester was isolated by 
means of ether, ether washed, dried and the ether removed. It was then 
distilled at 200°/4 mm., yield 10g. (Found: C,59°7; H, 774. Cy7HaO;7 
requires C, 59°65 ; H, 7°6 per cent). ie . 
cycloPentanone-2-acetic-5-propionic Acid ( VIIL).—A mixture of the 
above ester (10 g.) and concentrated hydrochloric acid (80 c.c.) was refluxed 
‘for x hour and the clear solution was then evaporated to dryness under 
reduced pressure. The residue crystallised and the solid was collected, 
-washed with saturated aqueous ammonium sulphate and then with a little 
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water, dried at 100°, and recrystallised from a mixture of ethyl acetate 
and petroleum, m.p. 126°, yield sg. (Found: C, 56°6; H, 64. CiHuOs 
requires C, 56°r ; H, 65 per cent). orks 
; The diethyl ester was prepared by esterifying the above acid (5 g.) by 
means of alcohol (28 c.c.), saturated with hydrogen chloride ato°. It was 
kept overnight and then refluxed for 7 hours. After dilution it was extract- 
ed with ether, the ethereal extract washed with sodium carbonate solution, 
and then with water. After removal of ether, it was distilled at 170°/4 mm. 
(Found: C, 62°2; H, 8'r. CysH..O; requires C, 62°2; H, 81 per 
cent). : 

Ethyl 5-Carbethoxycyclopentanone-2-propionate (V, R=H ).—Ethyl 
cjclopentanone-2-carboxylate-2-8-propionate was prepared in the following 
manner Ethyl cyclopentanone-2-carboxylate (52 g.) was added to molecular 
sodium (8 g.) in benzene (400 c.c.}.. After 1 hour the sodium compound was 
cooled and slowly treated with ethyl §-chloropropionate (41 g.). After 
heating for 5 hours more on the steam-bath, the mixture was acidified and 
the benzene layer was washed with sodium carbonate solution. Ethyl cyclo- 
pentanone-2-carboxylate-2-8-propionate (56 ¢., b. p. 189°/18 mm.) was 
obtained. A mixture of ethyl cyclopentanone-2 carboxylate-2-8-propionate 
(45 g.) and alcoholic sodium ethoxide (4'5 g. of sodium in 66 c.c. of alcohol) 
was refluxed for 8 hours on the sand-bath. The product was treated 
with ice-cold dilute sulphuric acid and extracted with ether and after 
removing ether it was distilled at 175°/4 mm. It gives deep violet 
colouration with alcoholic ferric chloride, yield 26g. (Found : C, 609; 
H, 7°8. CysH2oOs requires C, 60’9 ; H, 81 per cent). 

Ethyl 5-Carbeihoxycyclopentanone-2-propionate-5-acetate (VII), — 
Ethyl 5-carbethoxycyclopentanone-2-propionate ( 26 g.) was heated with 
a suspension of sodium powder (2°8 g.) in benzene (55 c.c.) for 2 hours.’ 
The orange liquid was cooled and ethyi chloroacetate (13 g.) introduced and 
the mixture refluxed for 5 hours. The reaction product was mixed with 
water and a few drops of hydrochloric acid and the ester was isolated by 
means of ether. ‘The ethereal extract was washed with water, dried and 
the solvent removed. It was then distilled at 205°/4 mm., yield 15g. 
(Found: C, 50°8; H, 774. CizHaeO, requires C, 50°65; H, 7°6 per 
cent). 

cycloPentanone-2-acetic-5-propronic Acid (VIII).—Amixture of ethyl 5- 
carbethoxycyeclopentanone-2-propionate-5-acetate (15 g.) and concentrated 
hydrochloric acid (120 c.c-) was refluxed for 1 hour and the clear solution 
was then evaporated under reduced pressure. The residue crystallised and 
the solid was collected, washed with saturated aqueous ammonium sulphate 
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and then with little water, dried at 100°, and recrystallised from a mixture 
of ethyl acetate and petroleum, m.p. 126° (mixed m.p.), yield 6g. (Found : 
C, 56's; H,6°6. C1.Hi,0; requires C, 56°: ; H, 6°5 percent). | 

Ethyl 5-Carbethoxycyclopentanone-2 : 5-dipropionate (V, R=CH,' CH, 
CO,Et).—Ethy] 5-carbethoxycyclopentanone-2-propionate (48 g.) was heated 
with a suspension of sodium powder (5°2 g.) in benzene (100 c.c.) for 2 hours. 
The'cold liquid was treated with ethyl 6-chloropropionate (24 g) and the 
mixture refluxed for 5 hours. ‘The reaction product was mixed with water 
and a few drops of hydrochloric acid and the ester was isolated with ether. 
‘The ethereal extract was washed with water, dried and the solvent removed. 
It was then distilled at 215°/4 mm. (Found: C, 609; H,81. C,,H,,0, 
requires C, 60°7 ; H, 7°8 per cent). a 

cycloPentanone-2 : 5-dipropionic Acid—A mixture of ethyl]-5-carb- . 
ethoxy-cyclopentanone 2: 5-dipropionate (25 g.) and concentrated hydro- 
chloric acid (200 c.c.) was refluxed for xr hour and the clear solution 
was then evaporated under reduced, pressure. The solid obtained was 
collected, washed with saturated aqueous ammonium sulphate and then 
with a little water, dried at 100° and crystallised from a mixture of ethyl 
acetate and petroleum ether, m.p. 122°. (Found: C, 57'9;.H, 6°8. 
C1,H,,.O; requires C, 57°9 ; H, 6°8 per cent) 

The diethyl ester was prepared by esterification of the above acid by 
means of alcohol saturated at 0° with hydrogen chloride. It was kept over- 
night and then refluxed for 7 hours. After dilution it was extracted with 
ether, the ethereal extract washed with sodium carbonate, water and dried. 
After removing ether, the ester was distilled at 172°/4mm. (Found: 
C, 63°6; H, 84. CisH2.Os requiresC, 63°3 ; H, 8°4 per cent). 

Our respectful thanks are due to oe P. C. Ray and Dr. P. C. Mitter 
for their kind interest in the work. 


Sre P. C. Ray FetLow’s LABORATORY, fe a 
Unrversity CoLuacr of SCIENCE AND _ Received November 15, 1939. 
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THE ACTION OF CHLORINE ON THE HYDROXIDES 
OF LITHIUM AND POTASSIUM IN THE 
PRESENCE OF IODINE. PART I. 


By. R. K. Bast, anp Suryrr Sincu. 


- By passing 4 brisk current of chlorine through a boiling solution of iodine in lithitm 
hydroxide and potassium hydroxide, dihvdrated lithium diparaperiodate, Ligl,Oy, 2HiO 
or 4Li,0, 1,07, 2HgO and potassium metaperiodate, KIO, were obtained-respectively. 


Ammermuller and Manus (Ann. Physik, 1833, 28, 514) prepared Ci- 
sodium paraperiodate, NasH,IO,, by passing chlorine into a solution >f 
equal parts of sodium hydroxide and iodate. Wells (Amer. Chem. J., 19cx, 
26, 278) prepared the same salt by passing a brisk current of chlorine intc a 
boiling solution of sodium hydroxide in the presence of finely powdered 
iodine. ‘This result was confirmed by Partington and Bahl (J. Chem Soc., 
1934, 1091). We have tried this method of obtaining a periodate in the case 
of lithium and potassium which have been found to yield dihydrated lithium 
diparaperiodate, LisIz0.., 2H,O or 4Li,0, 1,07, 2H.20 and potassium meta- 
periodate, KIO, respectively. 

” Analyses , of these Salts with respect to the alkali metal as sulphate and 
iodine and available oxygen by the method of Partington and Bahl (J. Chen. 
Soc., 1934, 1085, 1087), have been presented below. 


Lithium Salt. 


Sample. Lithium ' Todine. Available 
. oxygen. 
I 10*990% 48-525% _ a1-165% 

2 10-619 - 48-244 e ale379 

3 12-00 48-767 2X°OYS 


These values show that the lithium salt obtained is a dihydrated lithicm 
diparaperiodate, LiI,O,,. 2H,O0 or 4Li,0, 1.0,, 2H.O. The calculated 
lithium and iodine values are 10°727 and 48-716% respectively. ‘The aveil- 
able oxygen according to the decomposition 


Li,I,0;,, 2H,0=4Li,0+ I, + 2H,0 + 3402 
is 21-455%. 
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Potassium Salt. 


Sample A was prepared by passing chlorine through a boiling solution 


of iodine in potassium hydroxide. 
Sample B was obtained on cooling the supernatant solution from 


the above. 
Sample K, Te Available Sample K. IL. Available 
A. oxygen. B. oxygen. 
I 16-735% 55:312%  —28-030% I 16-708% 55-267% 27-787 % 
“20 17 141 55°513 28 236 2 17-043 55°398 27 857 
3 16-637 55°212 27-787 3 16°759 55°273 277500 


‘These va_ues agree with potassium metaperiodate, KIO,, the calculated 
values of potassium and iodine being 16-957 and 55-217% respectively. The 
available oxygen according to the decomposition 


2KIO.=K.0 +1, +3302 
is 27-826%. 
Thre (Ber., 1870, 8, 316) also obtained the same salt by the oxidising 
action of chlorine on a hot solution containing potassium iodate and an 
excess of potassium hydroxide. 


DEPARTMENT OF CHEMISTRY, 


GovERNMENY COLLEGE, 4 ; 
LAHORE. Received January 27, 1940. 
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POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION 
REACTIONS. PART VIII. OXIDATION ‘WITH 
: CHLORAMINE- T. 


By Banwant SINGH AND AHSANULHAQUE REHMANN. 


Hydroquinone, quinhydrone, hydrazine hydrochloride, potassium iodide, sodium 
bdisulphite and sodium nitrite have been determined by titrating them potentiometrically 
at 315° against chloramine-I, using a platinum: electrode coupled -with a saturated 
calomel electrode. 


Nol! (Chem. Ztg., 1924, 48, 845) described Hie. use of Giferamineer 
i.e., the sodium compound of p-toluenesulphochloramide, as a reagent for 
oxidation purposes. ‘The solid salt has the composition 


Na ; 
p-CHyCoHySOeNC | 3H20 (M.W., 2815). 


Tn solution it behaves like a stabie de tik 


Cis CetleSOuNC + H20=CH3°CgH,480e'NHo +NaCi+0O, 
Cl 


This reagent is finding increasing use in place of sodium hypochlorite. 
It has the advantage that its aqueous solution 1s stable in air and shows 
only slight deterioration over long periods when kept in a stoppered bottle; 
moreover, ‘as alkali is absent; there is no risk of formation of chlorates, 
which lead to side-reactions. * 

This reacts in acid solution with potassium iodide to liberate iodine 


CHyCoHeS0gnC + 2HI=CH3'C,H,'SO.-NH2+ NaCl+I_ 
Cl 


and this reaction is useful for its standardisation. 3 

Rupp (Pharm. Zentrl., 31925, 66, 33) used chloramine-’T for the 
determination of trivalent antimony, and fater for the titration of stannous 
tin (Z. anal. Chem., 1928, 73, 51). 

Tomicek and Sucharda (Chem. Abs., 1932, 26, 1210) used it a8 a reagent 
forthe potentiometric determination of tervalent arsenic. and antimony; 
bivalent tin and iron and the ferrocyanide and iodide ions; and for the visual 
titration of tervalent arsenic and antimony, using methy! red as indicator. 

. Komarovskii, Filonova and Korenman (J. Appl. Chem. Russia, 1933, 6, 
742; Z. anal. Chem., 1934, 96, 321) have shown that chloramine can 
be used as a volumetric reagent to replace the more expensive iodine and the 


4 
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‘less stable hypochlorite in the estimation of ferrocyanide, hydrazine and 
hypophosphite. 

In the volumetric estimations a crystal of potassium iodide and a few 
c.c. of starch solution are added and the solution titrated with chloramine-T. 
The presence of a slight excess of the reagent fend-point) is shown by 
the liberation of iodine and the appearance of the blue colour of 
starch iodide. ; 

Chloramine-T oxidises hydroquinone, quinhydrone, hydrazine hydro- 
chloride, potassium iodide, sodium bisulphite and sodium nitrite. The 
reactions are represented by the following equations :— 


Na 
(x) CHs CoH a SOgNC +C.H,(OH),=CH3CesH4SOg'NHe 
C1 +NaCl+C.H,0e 


Na ; 
(2) CHy CoH y S02NC + CegH409°'CeH4(OH)e = CH3C,H4-SO2-NHe 
P Cl +NaCl+2Cs.H4O0e 


Na 
(3) 2CHs CoH SO2NC + NeH,=2CH3-CgH4:SOo-NHo +2NaCl + Ng 
Cl: 
Na 
(4) CH3 ‘CgH4:SOg n¢ + 2HI=CHs:CgH4-SOg-NHo +NaCl+ To 
. Cl 


Na 
(5) CHs-CoHy-SOo-NC + NaHSO; + HgO=CH3-CgH4-S09-NH3 
Cl +NaCl+NaHSO, 


Na 
(6) CHy-CoHy-SOaN€  +HNO,=CHs-CoHy-SUgNHo + NaCl 
Cl : +HNOs 
‘These reactions have been utilised in the quantitative determination of 
these substances by the potentiometric method. 


EXPERIMENTAL. 


The oxidation-reduction electrode, which consisted of a bright platinum 
foil immersed ig the solution to be titrated, was coupled with a saturated 
calomel electrode. The cell was placed in a water-bath, the temperature of 
which was kept at15°. The u.m.r. of thecell was read on a potentiometer. 

A known weight of the substance was dissolved in water and acidified 
with hydrochloric acid except in case of nitrite. The solution was titrated 
potentiometrically against standard chloramine-T. ‘The mixture was kept 
stirred very thoroughly with a mechanical stirrer: 

In the case of sodium nitrite acetic acid was used. A known volume of 
a standard solution of chloramine-T was taken in the titration vessel, acidi- 
fied with acetic acid and titrated against sodium nitrite solution, 
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The titrations of potassium iodide were conducted in an atmosphere of 
carbon dioxide. 

The potentiometric readings were recorded after the addition of the 
reagent, when the potential acquired a steady value. A series of potentio- 
metric titrations were * performed with different amounts of each substance 
One titration as typical of the set is recorded in the following table. 


Tasie I. 


Titration of 0-1066 g. of hydroquinone mixed with water and acidified 
with dilute hydrochloric acid, against chloramine-T (M/20). 


Chloramine-T. E.M.F. E/C. Chloramine-T. E.M.F. E/c. 
(m. volt/c.c.) (m. volt/c.c.) 
0-00 C.c. 0-295 volts, 19-20 C.c 0479 volts. 
43 460 
200 0°38 19°25 0° 502 
3 1300 
5:00 07390 19°30 0°567 
2 " 1760 
8-00 0-396 : 19°35 0°655 (Maximum) 
2 goo 
10°00 0-400 19°40 0*700 
3 20 
12-00 0-405 19°50 o-72I* 
3 120 
14 00 o"410 19°70 0°745 
3 2 63 
16-00 0-416 20°00 0°764 
5 49 
17:00 O 421 21°00 0812 
8 29 
1780 0-426 22°00 0°83 
18 17 
18-30 0-435 24°00 0°864 
26 12 
18-80 0-448 27°00 0"900 
s 60 7 
19-00 0°460 30°00 0°920 
80 4 
19-0 0-468 34°00 0°937 
1Io 


DISsScUSSION. 


‘These tittations, except in the case of hydrazine hydrochloride, show 
that with the addition of the standard chloramine-T, the E.m.F. rose 
steadily till the equivalence-point. In the case of hydrazine hydrochloride, 
on first few additions of the titrant, the E.M.F. remained constant. This 
was followed by a steady rise till the equivalence-point on further addition 
of the reagent. At the equivalence-point there was a sharp jump in poten- 
tial, followed by a steady rise in each case. 
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ek 


In’ the-case-of sodium nitrite, since it was used-as the titrant, the 
E.M.F. decreased steadily till the equivalence-point. At the ‘equivalence-. 
point there -was dsharp, breakin E..r. This me followed by a. steady 
decrease in potential. - 3 , , Ln 

_ From-the volume of chloramine-T required i in eath case, eee, 
to the equivalence-point, . the amount of the substance was calculated. - In. 
the following table the values are compared with the amounts of the es 
tance taken. 


Z .,  ... Tasrg Il. 


po ERS. OAR ig EA NG FG: Sa Pa ake EY eae tis ee sed set 
iy dsoquindie, Goes eS Ouintivdrone. Hydrazine hydrochloride. “’ 
Taken. Found. Taken, . Found. Taken. - Found... 2 
o°1066 g. o*1064 8. O°II52 ge O°II50 g. orosgl g- o°o5g0 g. 
O"IS5I7 - “oO 1573 : 0°2048 0°2045 0°0996 o*0990 
or2ig7r ; o* 2x68 02836 0°2835 o'1465° orr462 
0°2583 : 02580" 0°3086 » 073982 orr774 ori768 
0°3549 0°3543 04890 04884 0*200E or1998 
ae _ or24i6 or24og" 
Sodium bisulphite. a; Potassium iodide. Sodium nitrite. 
0°0321"g. 0°0320 g. O°O4T5 ge O°O4I5 g- 0°0345 g. 0-0345 g. 
0°0477 0°0477 0°0830 0°0830 "0428 0°0428 
oro80r- or0800 or1660 01660 o*0518 oros38 
0°1285 orr283__ . or24go " 072490 oro6g0 or0690 ; 
onr745) o°r746 0°3320 a 0°3320 0°1035 o°1035 : 
: a 0°1380_ orrgéo 


hese results show that hydroquinone, ~ * quinhydrone, hydrazine hydro- 
chloride, potassium iodide, sodium bisuiphite and sodium nitrite can be 
potentiommetrically determined by using chloramine-T as the oxidising agent. 


‘The authors desire to express ‘their eratetat thanks to the Khalsa 
Colrer authorities for a research grant. and: ‘providing Heirs aK the work. 
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POTENTIOMETRIC STUDIES IN OXIDATION-REDUCTION 
REACTIONS. PART IX.? OXIDATION WITH CHLOR- 
AMINE-T (INDIRECT QUANTITATIVE 
= ts | DETERMINATIONS) 60225, 


ey soe. GOtISSe eS a 


Bey aO ee 
By Barwanr Smvcu AND AHSANULHAQUE REEMANN. ©" 


ae ee : 


Potassium iptate:’ pobasetain’ i eaanoeraiel: soeduin dichromate ead easier 
chromate have been determined indirectly by a potentiometric method. The excess of 
potassium iodide, added in each case; was titrated potentiometrically against chloramine-T 
at 15° in an atmosphere of carbon dioxide, usinga platinum electrode coupled with a 


saturated calomel electrode. $ ‘ 
te . Sis Pray 


In presence of sulphuric acid; potassium iodide reacts*with chloramine-T, 
potassium iodate, -potassium permanganate, potassium- dichromate -and 
potassium chromate with the following reactions : 


$8 


: " Na. 
(x) CHy'CeH.'SOyNC +HS0,+aKI= CH, ¢,H,’s0,"NH, 
; ~ \Cl +NaCl+K,S0,+1, 


"oher caer 


on 


(2) KIO, +3580, + 5KI= 3K,S0,+ 3H.0+ gl. 

(3) 2KMn0O,+ 8H,SO, + roKI= 6K,S0,+ 2MnSO, +8H.0 + 5], 
(4) KiCr,07 ¢ 7H,S0.+ 6K1=4K.$0,+ Crs(SO.)s+7H,0+ 312, 

(5) : 2K.CrO, + 8H.SO, + 6KI=5K.SO,+ Cra(SOu)s +8H,0 + 31, ee 


¢ 


"These reactions have been mndde use of in the quantitative estimation of 
potassium iodaté, potassium permanganate, potassium dichromate and 
potassium chromate. 
cr es 


. wos - sae 
el 2 ek aS 


_  E.X PERIMENTAL... 


“A known ‘Weight of euch substance was mixed with a known excess of 
potassium iodide, dissolved in water. and the ‘solution : acidified with dilute 
sulphuric acid. The excess of potassium iodide was determined by titrating’ 
the mixture potetitiometrically against standard chloramine-T. The. titra- 
tions were “conducted at 15° s,. in an atmosphere -of carbon, dioxide, The’ 
mixture was kept stirred with a mechanical stirrer. hts e 


2h + 
228 lo poverty 
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A series of potentiometric titrations were performed with different 
amounts of each substance. One titration as typicai of the setis recorded 
in the following table. 


Taare I. 


Titration of 00342 g. of potassium iodate mixed with 02385 g. of potas- 
sium iodide, dissolved in water and acidified with dilute sulphuric acid, 
against chloramine-T (N/20). 


Chioramine-T. E.M.F. E/C. Chloramine-T. E.M.F, E/C. 
; fm. volt./c.c.) (m. volt./c.c.) 
0-00 ¢.c, 0417 volts ‘12-45 ¢.c. 0-522 volts . 
I 180 
2-00 0-420 12-50 0-531 : 
4 220 
5-00 0432 12:60 0542 
5 240 
7°00 "O44 12°65 0-554 
6 520 
9:00 0°453 12°70 0-580 
7 2980 
10-00 0-460 12-95 0*729 (Maximum) 
14 500 
TI-00 02474 12-80 0-754 
20 280 
II*50 0-484 12-90 0-782 
23 100 
11-80 0-491 13-00 0-792 
25 55 
12-00 0-496 13 40 0-814 
40 42 
a*z0 0-504 14:00 0°839 
50 . 818 9 
+30 0°509 15:00 0-84 
12:3 5 és 3 
12°35 0-512 17-00 0-863 
80 7 
12-40 0-516 20-00 0-884 
120 4 
23°00 0°896 


a 


DiscUSSION. 


In these titrations, itis evident that with the addition of the titrant the 
rr. rose steadily till the equivalence-point. At the equivalence-point 
there was a sharp jump in potential in each case followed by a steady rise in 
potential on further addition of the reagent. 

From the volume of chloramine-T (C-T) used, corresponding to the 
equivalence-point in each titration, the amount of each substance was 
calculated. In the following table the values obtained are compared with 
the amounts of the substance taken. 
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TABLE IT. 


Potassium iodate 


KIO; taken. KYadded. Excess KI correrspond- KI used KIO; found. 


ing to C—T. for KIO3. 
0°0342 g. 0°2385 g. orr058 g. 0°1327 g. 0°0342 g 
0°0539 0°3447 0-136 0°2086 070538 
00856 ; 0*4985 o1671r 0°3314 0°0854 
O°1455 0°7412 0°1760 o"5652 O°I457 
0° 1883 , é T0080 0°2780 0°7300 o° 1883 
0°2797 1'4430 0°3586 10844 0°2796 


Potassium permanganate, 


KMnO,taken. KI added. Excess KT corres- KT used for KMnO, found. 


ponding to C—T. KMnQy. 
0°0506 g. 073528 g. 0°0883 g. 0°2645 g. 0°0504 g. 
0°0885 0°6041 0°1398 0°4643 0°0884 
01264 0°8446 o°1813 0°6633 0°1263 
0°1707 11264 0°2324 08940 0°2703 
0°2086 173488 0°2548" T0940 0°2084 
0°2529 1°6768 0°3485 1°3283 0°2528 


Potassium dichromate. 


KeCr,07 taken. KI added. Excess KI corres- KI used for KyCr2O7 found, 
ponding ta C~T. KCra@7. 


070490 g 0°2589 g. 0°1033 g. or1656 g. 070489 g. 
070883 0°4249 orr261 02988 00883 
o'1569 0'6754 o°1444 0°5310 o'1569 
0°2062 08662 0°1603 06969 0°2059 
0°2798 11628 o'2r58 0"9460 0°2795 


0°3534 "34375 0°2432 £°1043 0°3528 
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Fr patrons % 
Tasre II (contd.). 
Potassium chromate. 


KgCrOy taken. “KI added. Excess Kf corres- KI usedefor  KyC=O, found. 


ponding toC-T. K,CrO,. 
‘O°O7I2°g. » +>-, 073321 g. oO715§02 g. o°1819 g. o°0710'g. 
o*1 166. .0°4300 O°I3I5 | 072985 o°1164 - 
0°1683_ , ebo9s 0°1779 0°4314 ‘orr683 | 
Saeck on 7636 or1992 0°5644 Saher 
Sabsg. ‘O° 0445 0°2158 0°7287 02842 
03627 * 31067 0°1760 0°9307 0-3630 


These results show that potassium iodate, potassium permanganate, 
potassium dichromate and potassium chromate can be indirectly determined 
by means of chloramine-T. - 


. The authors are‘indebted to, the Khalsa College authorities for a research 
grant and for providing facilities for the research work. 
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MAGNETIC STUDY OF THE POLYMERISATION OF STYRENE. 


By S. S. Baarnacar, P. L. Kapur anp (Miss) GurBAKSH Kaur. 


The magnetic study of the behaviour of styrene on polymerisation shows that the 
diamagnetic susceptibility goes on decreasing when the polymerisation occurs in vacunm, 
in presence of oxygen, on the other haud, the value falls slightly in the beginning and 
then rises, till after sixteen hours, it becomes greater than that of asample polymerised 
in vacuum. The initial low value may be attributed to the intermediate formation of 
peroxides, usually of less diamagnetic character. The observed high susceptibility of 
polymerised styrene, which cannot be accounted for by Pascal’s law, is regarded as the 
net result of the disappearance of double bonds in polymerisation and to its anisotropy. 


Styrene polymerises to products of large molecular weights. ‘The pro- 
duction of high polymers has been attributed by Whitby and Katz (J. Amer. 
Chem. Soc., 1928, 80, 1160) to the formation of a link between molecules by 
shifting a hydrogen atom along the chain. ‘The formation of polystyrene 
according to this theory occurs as 

CeHs CeHs C,H; CsHs CeHs CeHs 
—> | { —> . 
CH= CHe CH»,—CH»—C = CHy CH,—-CH 9—CH—CH »—C = CHe 


The theory implies that the formation of the highly polymeric products 
occurs in steps, each corresponding to a specific compound capable of isola- 
tion as such. Such processes fead only to the formation of relatively. low 
molecular products and never to high polymers. 

The forniation of reaiiy high polymers has been explained by Staudinger 
(Ber., 1931, 84, 2093; Trans. Faraday Soc., 1936, 82, 104) by assuming that 
a molecule of the monomeric substance becomes activated and then reacts 
with a second molecule. The new molecule formed has active points on 
either of its ends and polymerises ; this process continues to form high 
polymers. He represents the structure of polystyrene as 


CeHs he CeHs 


wO—C=-C—C=-C-C.... 
i ee ae i 
H He,H HeH He 
A long-chain polystyrene molecule is thus formed as a result of the 
disappearance of double bonds present in the original monomer. 
In the present investigation the authors have undertaken to examine 
the process of polymerisation of styrene from the change in magnetic 


0 
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properties which should take place if the disappearance of double bonds lead 
to polymerisation. : 


EXPERIMENTAL. 


Pure colourless styrene was prepared from cinnamic acid (cf. Roger 
Adam, ‘“jOrganic Synthesis ’’, 1928, Vol. VIII, p. 84). 

Styrene was sealed in a number of evacuated pyrex glass tubes which 
were heated in an electrically regulated thermostat kept at 98°+13°. After 
definite intervals of time a tube was taken out of the thermostat aud cooled 
at room temperature, while the rest of the tubes were allowed to be heated 
further. ‘The cooled tube was broken and the amount of polystyrene form- 
ed was determined by dissolving a known weight of the liquid in benzene, 
in which both the monomer and the polymer were soluble, and then precipi- 
tating the polymer from the solution by adding a large quantity of alcohol. 
After allowing to settle for some time it was filtered through a weighed 
sinter glass funnel, washed free from styrene with alcohol and dried in a 
steam oven. 

The magnetic susceptibility of the cooled liquid was determined on a 
modified forin of a Gouy’s magnetic balance. Only the susceptibility of the 
liquids, heated for not more than 16 hours, could be determined, as those 
heated longer became too viscous to be transferred to the tube for measure- 
ments. It was found that reproducible resuit could be obtained only after 
great care. ‘The mean values of several observations are tabulated below. 


Tasre I. 


Vacuum. 


Time. % Polystyrene. Susceptibility x10’. Time. % Polystyrene Susceptibility x 107. 


Original 0 —6-575 - Shr. 1755 —6-937 
2 br. 4 + 6-713 Io" 22-5 —6°993 
4 8-6 : —6:811 a 27-5 7-044 
5 wae —6°857 15 is —7°105 
6 13°2 —6°878 16 39°3 7-112 

Oxygen. 

Original 0 —6:575 6 16-0 6.636 

2 hr. 52 —6-560 8 21-2 —6°787 


4 107 —6°553 
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While repeating the above experiments a set of tubes was found to be 
not completely evacuated but contained some air. The results thus obtained. 
are embodied in Table I. 

From the results shown above it is clear that in vacuum the suscep- 
tibility value goes on‘increasing with increased polymerisation, whereas in. 
the presence of air, although the percentage of polymerisation is more than 
that in vacuum, yet the susceptibility falls slightly at first and then begins to 
rise. Also it is observed that with the increase in the duration of heating 
the difference between the susceptibilities of the liquid heated in vacuum and 
that heated in air goes on diminishing. It is possible that after prolonged 
heating, the susceptibility of the liquid heated in air may be more than that 
of the one heated in vacuum, but this could not be verified for the reason 
mentioned above. Therefore, in order to compare the behaviour of the 
polymerisation of styrene in air and in vacuum under similar conditions, the 
following experiment was arranged: ‘wo tubes with the same pull on 
Gouy’'s baiance were made and an equal amount of styrene was put in both. 
One of them was sealed in the presence of air and the other was sealed after 
evacuation. Both the tubes were heated in a thermostat for equal intervals 
of time and cooled to the room temperature and the pull was determined 
on a Gouy’s balance. ‘The results are stated below. 


Taste II. 
Time. Deflection in mg. per g.of Time. Deflection in mg. per g. of the 
7 the specimen. specimen. 
Vacuum. Oxygen. Vacuum. Oxygen. 

Original 124°5 12470 to hr. 137°5 133-0 

2 hr. 126-5 123°5 12 140-0 138°0 

4 129°5 123°0 16 143°5 144°0 

6 132°5 125°5 20 145'5 148°0 

8 1345 128.0 


DiscUSSION, 


Staudinger (loc. cit.) represents the structure of polystyrene as a long- 
chain of styrene groups formed by end to end combination at the olefine 
double bond as follows :— 
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Much speculation, however, is rife as regards the indeterminateness of 
the formulae for polystyrene with free terminal valencies— (CHPh— CHa2)a—. 
If the terminal valencies were free as suggested in the formula, the end car- 
bons would behave like a free radical. From the magnetic standpoint the 
free radical should show strong paramagnetism and with the formation of a 
large number of polymers the diamagnetic susceptibility should fall, which 
is contrary to observation, because we find that with the increase in percen- 
tage of the polymers formed the diamagnetic susceptibility rises. It is 
therefore clear from the magnetic data that no free valency exists in the 
polymers, 

Staudinger (lqc. cit.) believes that as the process of polymerisation pro- 
ceeds, an unknown side-reaction makes the free terminal valencies dis- 
appear. ‘The first possibility is to suppose that ring formation occurs by 
the union of the two ends of the double chain. 


CH, CoHs - C,H, 
CH-—CH 2—-C-—CH 2 —C-———CH, 
Ty. 
CH,— C—CH,—C-~ CH,— CH 
| 
C.H; CH; C.H; 

Against this possibility there is not only the lack of experimental evi- 
dence, but the fact that since highly polymeric products are usually mixtures 
representing widely different degrees of polymerisation, it is necessary to 
believe that a large number of rings of different sizes are capable of form- 
ation’ with practically the same degree of ease. ‘The second possibility is to 


suppose that the terminal valencies are satisfied by foreign elements or 
groups derived not from the parent substances but from the medium. 


re ae C.H; 
H H H 


But the present investigation with pure styrene excludes such a possibi- 
lity. Staudinger and Steinhofer (Annaien, 1935, 547, 35) consider it more 
likely that a polymer contains a double bond at one end, the mechanism of 
its formation involving the wandering of a hydrogen atom from the end of 
one chain to saturate the end of another. The existence of such a double 
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bond has recently been shown by Whitby (Trans. Faraday Soc., 1936, 82, 
375) who found that polystyrene reacted with bromine. Moreover, he 
found that the amount of bromine that reacted with polystyrene correspond- 
ed to one double bond and the amount taken up was practically indepen- 
dent of the length of the polymer. 

According to the last possibility, if » molecules of styrene, Ph,'CH=CH» 
polymerise, the polymer would contain one double bond and in the 
course of polymerisation (n—1) double bonds would disappear. 

Irom the magnetic standpoint the constitutive correction factor value 
2 for an allyl group double bond in styrene is 4°51 xz0~®. Therefore with 
the loss of one such bond the diamagnetic susceptibility of the product 
formed should rise by 4°51 x 107° units. When n moiecules containing n 
ally] double bonds polymerise to form a polymer with only one such bond, 
the mass susceptibility of the polymer formed can be represented as 


= Ste +(a-3)h saa: ME) 


7 nMs 


where ys=molecular susceptibility of styrene, n=number of molecules of 
styrene which polymerise, A=constitutive correction factor for an allyl group, 
M; =mol. wt. of styrene. - 

If the whole of styrene were to polymerise to form polymers from 1000 
molecules of styrene, the mass susceptibility of such a polymer according 
to equation (x) would be —-o"7or X10~®, when the molecular susceptibility 
of styrene is taken to be —68°43 X 107°, and if 39°3 % were to polymerise 
the susceptibility value of the solution of polystyrene in styrene would be 
—o0'675 107%. Actually, as is given in Table I, the vaiue of x for liquid 
containing 39°3 % of the polymer and the rest of the styrene is -o’711 xX 
zto-®, The observed value is much higher than the calculated one. It is, 
therefore, obvious that the magnetic change due to the disappearance of 
allyl double bonds only in the course of polymerisation cannot fully account 
for the observed higher diamagnetic susceptibility value of a polymerised 
product. . 

From the study of the double refraction of polystyrene, Signer (Trans. 
Faraday Soc., 1936, 82, 296) conciuded that on polymerisation styrene forms 
long chains of rod-shaped anisotropic molecules. 


Experiments on magnetic birefringence of polystyrene have shown that 
a definite orientation of the polystyrene molecules prevails in a manner 
similar to that in the liquid crystals. ‘This orientation has a two-fold effect 
on the value of the diamagnetic susceptibility. A first-order-effect arises 
from the fact that on account of the orientation in space not all directions 
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are, equivalent and that therefore the mean value used in the derivation of 

the Langevin formula x? + y? =27? does not hold good any longer, asa 
result of which the factor 2/3 is to.be replaced by something different. 

. Another effect arises from the influence of the magnetic field on the electric 
moment of the oriented molecules which, although it és only of the second 

order, should be quite remarkable, since it is of the same type as the magne- 

tic birefringence. Thus the observed susceptibility value is the net resuit 

of the magnetic changes due to the constitutional changes involved. in the 

formation of polystyrene molecules and due to its anisotropy. ~ 

From Table TI it is clear that the pull per gram for styrene heated in 
vacuum goes on increasing with the time of heating, ‘but for styrene heated 
in presence of air, it slightly falls at first and then begins to rise and the 
value remains less than that for the sample heated in vacuum till the mass 
has been heated for 14 hours. After that the pull per gram for styrene 
heated in air is more than that heated in vacuum. 

Staudinger and Lautensihlager (Annalen, 1931, 488, 1) have shown that 
the polymerisation products of styrene formed in the presence of oxygeri 
always contain small amounts of peroxide. Thus when styrene is polyme- 
rised in presence of oxygen, two reactions, oxidation and polymerisation, 
proceed simultaneously. The effect of polymerisation on the magnetic 
susceptibility of the polymerised products would be to raise its diamagnetic 
susceptibility as has been shown by determining the susceptibility of 
styrene heated in vacuum, whereas the effect of the formation of peroxide 
is known in general to iower the susceptibility value. 

Exact susceptibility values of the polymerised products could be' 
determined theoreticaliy, if the perceritage of the peroxide formed were 
known and if its susceptibility couid be determined. ' The peroxide has, 
however, not been isolated. 

A slight fall in the pull per gram observed in the beginning on styrene, 
heated in the presence of air, suggests that the susceptibility of the peroxide 
is much lower than that of the polymer, but as the polymerisation proceeds 
and the magnetic, effect due to polymerisation increases, the pull per gram : 
goes on rising. After 14 hours, the pull per gram on styrene heated in 
air is much more than that on the sample heated in vacuum, because the 
percentage of polymerisation of styrene heated in air is much higher than 
that heated i in vacuum. 


University CHEMICAL LABORATORIES, : 
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STUDIES IN DEHYDROGENATION. PART VI. 


» By SurESH CHANDRA SEN-GUPTA. 


The synthesis and selenium dehydrogenation of 6: 7-cyclopenteno-1 :2 :3 :4-tetra- 
hydronaphthalene-2 - 2-spiro-cyclopentane have been described. A rational synthesis of 
2 :3-cyclopentenophenanthrene has also been carried out. 


In order to study selenium dehydrogenation of complex spiro- 
hydrocarbons, 6 7-cyclopenteno-1:2:3 : 4-tetrahydronaphthalene-2 : 2-spiro- 
cyclopentane has been synthesised. The anhydride of cyclopentane-1- 
carboxy-1-acetic acid has been condensed with hydrindene, forming 
primarily o0-cyclopentane-6-5-hydrindoylpropionic acid (I). The formatior 
of trimellitic acid by the oxidation of this keto-acid with alkaline per- 
manganate proves the linking of the keto group to 5 position of the 
hydrindene molecule. This keto-acid on reduction by the Clemmenser 
method gives aa-cyclopentane-y-5-hydrindylbutyric acid (II), and the latte: 
on te roe with 85% sulphuric acid ee Ree eee 
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tetrahydronaphthalene-2:2-spiro-cyclopentane (III). The course of the 
cyclisation of the hydrindylbutyric acid (II)"in forming the linear produc” 
(III), follows from the oxidation of the latter to 1:2:4:5-benzene-tetra- 
carboxylic acid The spiro-ketone (III) by Clemmensen reduction gives 
6:7-cyclopenteno-1:2:3:4-tetrahydi onaphthalene-2:2-spiro-cyclopentane (IV). 


OS coy wOCN 
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(IV) (Vv) (VI) 


It was expected that the spiro-hydrocarbon (IV) on selenium dehydro- 
genation would yield either 2:3-cyclopenteno-anthracene (VJ) or 2:3-cyclo- 
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pentenophenanthrene (V) or both (cf. J. Indian Chem. Soc., 1939, 16, 80, 
349). In order to settle the constitution of the hydrocarbon obtained by 
dehydrogenation, a rational synthesis of 2:3-cyclopentenophenanthrene has 
been carried out. The dehydrogenation product is found to be different 
from 2:3-cyclopentenophenanthrene and is in all ‘probability 2:3-cyclo- 
penteno-anthracene. 

‘The synthesis of 2:3-cyclopentenophenanthrene has been carried out in 
the following manner. By the Friedel-Craft’s reaction of the anhydride of 
A?-cyclopentene-1:2-dicarboxylic acid and naphthalene in nitrobenzene 
solution, a mixture of the isomeric keto-acids (VII) is obtained, from 
which the isomers could not be separated in a pure condition The mixture 
of the keto-acids is reduced by Clemmensen’s method giving a mixture 
of the isomeric naphthyl acids (VOI). An attempt to cyclise the mixture 
with 85% suiphuric acid at roo° resulted in a very poor yield of the 


e 
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cyclisation product owing to extensive sulphonation, ring-closure being 
ultimately effected with zine chloride at 180°. In the latter case an 
excellent yield of the cyclisation product, which was evidently a mixture 
of (IX, R=CH,; R’=CO; IX, R=CO; R’=CH,) is obtained. Ciem- 
mensen reduction of the mixture of ketocyclic compounds gives a homo- 
geneous product nameiy 2:3-cyclopenteno-1:4-dihydrophenanthrene (IX, 
R=R'=CH,). Selenium dehydrogenation of this hydrocarbon in a sealed 
tube at 300-310° gives a good yield of 2:3-cyclopentenophenanthrene, 
It is obtained ina crystalline condition and readily yields a picrate and 
a trinitrobenzene complex which are different from the corresponding 
derivatives obtained from the dehydrogenation product of 6:7-cyclopenteno- 
1:2:3:4-tetrabydronaphthalene-2:2-spiro-cyclopentane. 


ExPERIMENTAL. 


aa-cycloPentane-B-5-hydrindoylpropionic Acid (I).—It was prepared 
from hydrindene (24 g.), anhydride of cyclopentane-1-acetic-1-carboxylic 
acid (3x g.), aluminium chloride (52 g.) in nitrobenzene‘ solution. The 
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mixture was kept in an ice-bath for 6 hours and at the ordinary temperature 
for x12 hours. After decomposition with ice and hydrochloric acid, excess 
of nitrobenzene and hydrindene were removed in steam. The solid 
product was extracted with sodium carbonate solution. It was crystallised 
first from glacial acetic acid and finally from rectified spirit in colourless 
needles, m.p. xr40-41°. (Found: C, 74'9; H, 7°3. CirvHaoOs requires 
C, 75°0; H, 7°3 per cent). 

The methyl ester distilled as a thick oil, b.p. 2r0-212°/5 mm,, which 
slowly solidified on standing, m.p. 47-48°. (Found: C, 75-2; H, 7-8. 
CisH2.0; requires C, 75-5; H, 7-7 per cent). : 

Oxidation of the Keto-acid (I):—The keto-acid (x g.) was dissolved in 
sodium hydroxide (5%, 100 c.c.) solution and heated on the water-bath 
with excess of potassium permanganate solution. After the excess of 
permanganate was destroyed with alcohol, the filtrate from the precipitated 
manganese dioxide was acidified with hydrochloric acid and evaporated 
to dryness on the water-bath. It was extracted with ether, solvent 
removed and the residue crystallised from concentrated hydrochloric acid 
and identified as trimellitic acid, m.p. 214°- 

aa-cycloPentane-y-5-hydrindylbutyric Acid (II).—ea-cycloPentane-f-5- 
hydrindoylpropionic acid (x5 g.), amalgamated zinc (75 g.) and concen- 
trated hydrochloric acid (75 c.c.) were gently boiled for 24 hours. The 
product was extracted with ether, extract washed with water, solvent 
removed and the residue purified by distillation at 220°/6mm. The distil- 
late (11 g.) was crystallised from petroleum ether (b.p. 40-60°) in hexagonal 
plates, m.p. ro4-5°. (Found: C, 79:0; H, 8-5. Cy7H22O02 requires C, 79-1; 
H, 8-5 per cent). 

6:7-cycloPenteno-1-keta-z : 2: 3 :4-tetrahydronaphthalene-2:2-spiro-cyclo- . 
pentane (III).—The foregoing hydrindylbutyric acid (7 g.) was cyclised - 
by heating with 85% sulphuric acid (sulphuric acid 21 c.c. and water 7. c.c.) 
for 14 hours on the steam-bath. ‘The solid product was crystallised from 
petroleum ether (b.p. 40-60°) in long prisms; m.p. 98-99°, yield-5-5 g. 
(Found : C, 85-07; H, 8-2. Cy,;HasO requires C, 85-0 ; H,°8-3 per cent). 

The oxidation of the spiro-ketone (III) was carried out with alkaline 
permanganate solution asin the case of the oxidation of the keto-acid (I). 
The product was crystallised from concentrated hydrochloric acid in needles 
and after drying in the air-bath at 100° was converted into its anhydride 
by heating with acetyl chloride. the anhydride was identical with the 
di-anhy dride of 1.2:4:5-benzenetetracarboxylic acid, m.p. 284°. 


6:7-cycloPenteno-1 : 2 : 3:4-tetrahydronaphthalene-2:2-spiro-cyclopentane 
(IV).—The spiro-ketone (III) (4 g.) was heated with amalgamated zinc 
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(20 g.) and concentrated hydrochloric acid (20 c.c.) for 24 hours. The 
solid product was extracted with ether, solvent removed and the residue 
crystallised from petroleum ether (b.p. 40-60°) in colourless cubes, 
m.p. 64-65°, yield 28g. (Found: C, 90-4; H, 9:6. C,,;Has requires 
C, 90:3; H, 9-7 per cent). " 

: ° Selenium Dehydrogenation of the- Spiro-hydiocarbon (IV).—The spiro- 
hydrocarbon (2-5 g.) was heated with powdered selenium (3 g.) in a metal- 
bath at 300-320° for ro hours and at 340-350° for 30 hours. The product 
was thoroughly extracted with ether and petroleum ether. The liquid 
hydrocarbon obtained after distilling off the solvent, -was distilled over 
sodium under reduced pressure when a liquid distillate (o°6 g.) was obtained. 
The hydrocarbon (0°3 g.) was converted into picrate in benzene solution and 
the dark orange picrate was crystallised from alcohol, m.p. 149-50°. (Found : 
C, 614; H, 3:9. C2sH,,0,N; requires C, 61-8 ; H, 3°8 pet cent). 

The trinitrobenzene complex was prepared in benzene solution. It 
crystallised from alcohol in beautiful orange flakes, m.p. 128-29°. (Found: 
C, 63°85 H, 4'0. CesHi;O,Ns requires C, 64'0; H, 3°9 per cent). 

Synthesis of 2:3-cycloPentenophenanthrene.— A'-cycloPentene-1:2- 
dicarboxylic acid; required for this synthesis, was prepared from ethyl cyclo- 
pentanone-2-carboxylate. The cyanohydrin of this keto-ester was prepared 
by the action of liquid hydrocyamic acid, and the corresponding unsaturated 
nitrile by dehydration with thionyl chloride. The nitrile on hydrolysis 
readily gave the required cyclopentenedicarboxylic acid. 

Cyanohydrin of Ethyl cycloPentanone-2-carboxylate.—Ethy] cyclo- 
pentanone-2-carboxylate (52 g.) was added to hydrocyanic acid (obtained, 
. from 65 g. of potassium cyanide), while cooled in a freezing mixture. A 
drop of potassium cyanide solution was added to the mixture and left over- 
night. The excess of hydrocyanic acid was removed under reduced 
pressure at the ordinary temperature and the crude cyanohydrin mixed with 
dry benzene (50 c.c.) and dried with sodium sulphate. 7 


' The benzene solution of the cyanohydrin was cooled in a freezing mix- 
ture and thionyl chloride (50 c.c.) was added drop by drop with constant 
stirring. After leaving overnight, the mixture was heated to boiling on the 
water-bath for 1 hour. It was then poured into ice, benzene layer was 
separated and the insoluble product extracted with benzene. The benzene 
solution was dried with calcium chloride and distilled. The fraction, b.p. 
130°-140°/8 mm. was collected and redistilled at 133-135°/4 mm., the yield 
of the unsaturated nitrile ester being 25 g. 

-+ Hydrolysis of the Unsaturated Nitrile Ester.— The foregoing nitrile (20 g.) 
was bojled with concentrated hydrochloric acid (50 c.c.) for 2 hours, when 
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the oily layer disappeared. Water (50 c.c.} wasadded to this solution and the 
solution heated further for 5 hours. On cooling A?-cyclopentene-1:2-dicar- 
boxylic acid crystallised out and was recrystallised from water, m.p. 178° 
(lit. 178°), yield 13 g. (Found: C, 536; H, 52. C;H,O. requires C, 53°8; 
H, 5*x per cent), 7 

Anhydride of At-cyclopentene-1:2-dicarboxylic acid was obtained as a 
colourless liquid by boiling with acetic anhydride, b.p. 130°/5 mm. 


Al.cycloPentene-1-(0 and B-naphthoyl)-2-caiboxylic Acid (VII).—Alu- 
iminium chloride (34 g.) was added to an ice-cold solution of naphthalene 
(20 g.) and the anhydride of cyclopentene-1:2-dicarboxylic acid (17 g.) in 
nitrobenzene (100 c.c.). The product was worked upinthe usual manner 
and after crystallisation from glacial acetic acid had m.p. 155-65°. 


Clemmensen Reduction of the foregoing mixtuwie of Keto-acids.—The 
mixture of the keto-acids (17 g.), amalgamated zinc (80 g.) and concentrated 
hydrochloric acid (80 c.c.} was heated for 1&8 hours. The product was 
obtained as a thick liquid, b.p. 215-220°/ 5 mm. yield z2'5 g. 

a:3-cycloPenteno-1.4-dihydrophenunthrene (IX, R=R!=CHo).—The 
mixture of the naphthyl acids (VIII) (6°5 g.) was heated with fused powdered 
zinc chloride (z5 g.) at 180° for 4 hour, the product was treated with dilute 
hydrochloric acid and extracted with ether. The ether solution was washed 
with dilute ammonia and water and solvent distilled off. The oily residue 
(5 g.) was directly reduced by heating with amalgamated zinc (25 g.) and 
hydrochloric acid (25 c.c.) for 18 hours. The product was distilled under 
reduced pressure when the distillate readily solidified. It was crystallised 
from petroleum ether {b.p. 50-60°) in thick plates, m.p. ror-2°, yield 2°6 g. 
(Found: C, 92:5; H, 7-4. CisHis requires C, 92°7; H, 7-3 per cent). 

2:3-cycloPentenophenanthrene (V).—The foregoing hydrocarbon (2 g.) 
was heated in a sealed tube with selenium (2 g.) at 300-320° for 24 hours. 
The product was extracted with ether, solvent distilled off and the crystall- 
ine residue was distilled over sodium under reduced pressure, yield 1°6 g. 


The irmitrobenzene complex was prepared from the hydiocarbon 
(o'3 g.) and trinitrobenzene (0°3 g.) in alcoholic solution. ‘The additive com- 
pound crystallised from alcohol in fine yellow silky needles, mp. 162-63°, 
(Found: C,- 63°90; H, 3°90. CzsHi;O3N. requires C, 64°0 ; H, 3°9 per cent). 

The picrate crystallised from alcohol in golden yellow needles, m_p. 
157°. (Found C, 61-7; H, 39. CosHiO;Ns requires C, 61°8; H, 38 per 
cent). 

Pure 2:3-cy-lopentenophenanthrene was regenerated from the Picrate 
by. decomposition with ammonium hydroxide. It crystallised from methyl 
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alcohol in stout needles, m.p. 84°. (Found: C, 93'5; H,64. CyHu 
requires C, 93°6; H, 6°4 per cent). 

The author desires to express his grateful thanksto Dr. M.Qudrat-i- 
Khuda for the facilities given to him for carrying out this investigation 
at the Presidency College Laboratory and to Dt J.C. Bardhan for 
his keen interest. 
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THE CHEMISTRY OF OLEO MARGOSA FROM MELIA 
AZADIRACHTA OR NEEM OIL. PART I. 
ISOLATION OF THE CONSTITUENTS 
OF THE OIL. 


By MuuammMap Quprat-1-KHupA, SupasH Kumar GHosH 
AND ASUTOSH MUKHERJEE. 


Six different substances have been separated from the oleo margosa or the neem 
oil, The main odoriferous constituent of the oilis a sulphur containing liquid of the 
molecular formula CysH 3903S. A glucoside, which 1s the bitter principle of the oil, has 
been isolated. The latter appears to possess the formula CygHygOj9. Besides the oil 
consists of the glycerides of four acids, two of which :A and B) are saturated and the 
other two ‘Cand D) are unsaturated Of these the acid (A) (m p. 67°) appears to be an 
isomer of tetradecoic acid, while the acid (B) (m.p. 55°), is most probably an isomer of 
palmitic acid. ‘The unsaturated acid (C, belongs to oleic acid series and possesses the 
formula C\sHyg0, The fourth acid (D) belongs to the cyclic series of acid of the formula 


CyeHaq03. 


Owing to the conflicting data about the neem oil and in view of its 
medicinal properties, 1t was thought necessary to put the oil as well as other 
portions of the tree to a closer examination. 

Genuine samples of neem oil in quantity used in this investigation 
were procured from Birbhum, where the cultivators collect the seeds late 
in summer and then get them pressed for their own use as an insecticide 
and a fuel. 

‘The physical data more or less agreed with those given by Chatterjee and 
Sen (Indian J. Med. Res., 1920, 8, 356). It contains a volatile odoriferous 
constituent together with a very bitter substance. These substances 
have now been isolated in fairly pure condition. Chatterjee (Indian 
J. Med. Res., 1917-18, 5, 656) attempted to free the oil of its odour 
by steam distillation and subsequently saponified it. ‘Phe acid, isolated by 
him, must have contained the bitter principle. Chatterjee and Sen (loc. cit.) 
did not recognise that the bitter principle and the fatty acids in the oil might 
be independent of each other. Watson, Chatterji and Mukherji (J. Soc. 
Chem. Ind., 1923, 42, 3871) attempted the separation of the different 
ingredients. But the method adopted by them did not appear to us to be 
very suitable. . 

The oil on keeping develops a rancid odour. It was, therefore, worked up 
very soon after receiving it from the source. It was first subjected to a process 
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of prolonged steam distillation until all volatile substances were removed. 
This distillate consisted of the odoriferous constituent of the oil mixed with 
a small quantity of a solid substance ‘This oul, however, on repeated distil- 
lation, was obtained as a colourless mobile liquid with avery penetrating and 
extremely unpleasant odour. This oil, designated as” Neemola, contains 
sulphur. Analytical data and molecular weight suggest its molecular 
formula as C,;Hs.038. From about 30 lb. of crude neem oil only x5 g. of 
Neemola could be obtained. Further work on its constitution-is now in 
progress. 

The residue after steam distillation still possessed rather an unpleasant 
odour which was not quite as marked as that of the original oil. This oil 
was next extracted 5 to 6 times with water. ‘The aqueous solution obtained 
from the residue of steam distillation was found to be extremely bitter, 
while the steam distillate, although possessed a highly obnoxious smell, 
did not taste bitter atall. The bitter principle was, therefore, present in 
the residual oil. On extracting it continuously with several litres of water, 
it was rendered far less bitter than the original oil. This aqueous solution 
‘yielded a mixture of a solid together with a little oil but the separation was 
not difficult. The bitter constituent of neem oil was thus obtained as a 
solid which has been called ‘‘ Margosin’’. ‘This was purified, analysed and 
found to be free from sulphur, thus differing from the observations of Sen 
and Banerji (J. Indian Chem. Soc., 1931, 8, 773). It analysed for a glucoside 
of the formula CssH4sQ.0. The degradation experiments with Margosin 
are now in progress. 


The fatty oil remaining after the separation of neemola and margosin was 
saponified and from the potassium soap a mixture of four acids could be 
separated which appeared to be different from those of Roy and Dutt (J. Soc. 
Chem. Ind., 1929, %8, 3331) -and Child and Ramanatham (ibid., 1936, 55, 
r24t). One of these acids melted at 67° but was found to be different from 
stearic acid. From analysis and molecular weight, it appears to be an 
isomer of tetradecoic acid of the formula C,,H.,O, which we have called. 
Neem Acid ‘A’. “Together with this acid another solid dcid was isolated 
which melts at a lower temperature, viz., 55°, but appeared to be a higher 
homologue of acid ‘‘ A’’. Its-analysis and molecular weight suggested it 
to be an isomer of palmitic acid, C,.Hs.0. ; this we have called Neem Acid 
“B”, Hilditch and Murti (J. Soc. Chem. Ind., 1939, 58, 310) also isolated 
some acids; their observations-are similar to those of Roy and Dutt (loc. cit.). 
It appears to us that the earlier workers were misled by the physical 
properties of the acids because we do not find any analytical data regarding 
the acids from the papers of these authors. 
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After the separation of the two solid acids, the mother-liquor still con- 
tained some acidic substance, which solidified on cooling. The acid was, 
therefore, distilled under reduced pressure when it was obtained as a mixture 
of a solid and an oily substance which could be mechanically separated. 


This oily mixture of acids was, therefore, esterified. The methyl 
ester was fractionated into two distinct portions. Both the esters are 
unsaturated and from them two acids could be regenerated. The lower 
boiling ester, C,sH3.0. (the ester of the neem acid C) absorbs bromine 
giving a dibromo derivative, which decomposes partially on distilling under 
reduced pressure. “I‘he free acid generated from the ester was isolated as a 
solid after distillation. It appears to possess the formula C,;H.,O, and thus 
belongs to the oleic acid series. 


The higher boiling ester, Cjo5H3,02, give a dibromo derivative which 
also decomposes partially on distillation. From it, the acid C,,H 202, isolated 
after hydrolysis, solidified partiaily at the ordinary temperature on stand- 
ing for some time. This has been called Neem Acid “D’’, and apparently 
belongs to the cyclic series of acids perhaps similar to hydnocarpus or chaul- 
moogric acids. These acids are under investigation. 


EXPERIMENTAL, 


The oil that was obtained from the market was filtered and the physical 
properties were determined. It was found to have d,?*°=o'o108 and 
ny??"", 146185. Its iodine value was found to be 69°56 and saponification 
value, 198°8. 

Neemola (Odoriferous Constituent of Neem Oil).—Neem oil (220 g.) 
was subjected to steam distillation (sand-bath being replaced by a water- 
bath to prevent decomposition of the active principle). Some oily globules 
together with some solid particles distilled over with steam. After six 
litres of distillate were collected, no further oily globules came over with 
steam. The distillate from 1 kg. of oil was cooled in ice and saturated with 
ammonium sulphate and extracted three times with ether. The ethereal 
extract, dried over magnesium sulphate, furnished after removal of solvent 
a pungent and nauseous smelling light yellow liquid. The oi] was carefully 
and slowly distilled under reduced pressure from a glycerine-bath, the 
receiver being cooled in a freezing mixture. The first fraction collected at 
150-60°/110 mm. was a light brown mobile liquid with the most acrid 
smell. On redistillation 1t had b.p. 156-58°/118 mm. [Found: C, 61’94 ; 
H, 981; S, 10°86; M.W. (cryoscopic in benzene), 289°3. Cis;Hs 9038 
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requires C, 62°2; H, 10°3; S, 11°07 per cent. M.W., 290]. It is distinctly 
acidic being soluble in sodium carbonate solution from which it is repreci- 
pitated on acidification. It immediately decolourises bromine but is not 
bitter in taste. It gives no ferric chloride reaction. 

The second fraction, collected at 200-210°/7 mm., Was a thick viscous 
mass'and solidified on keeping. ‘The solid crystallised from petroleum ether 
‘and proved identical with neem acid “B ” (vida supra). 

Margosin (the Bitter Principle of Neem Oil).—The solution left with 
oil after steain distillation, tasted very bitter. This was mixed with aqueous 
extract of the oil with water (5 times) and then examined for the bitter 
principle. But subsequentiy it was found better to extract the oil by a 
continuous process with hot water. The aqueous extract was evaporated 
to dryness under reduced pressure. The oily brown residue, which was 
extremely bitter; was triturated with petroleum and then extracted with 
hot chloroform. The chloroform solution was then thoroughly washed 
with sodium bicarbonate solution (10%). Tt was then charcoaled for 
$hour. The chloroform: was removed on the water-bath when a light. 
yellow amorphous mass was obtained, which was further purified “by 
washing with hydrochloric acid solution and then by precipitation from 
ether solution with petrol. The purified sample was obtained as a light 
yellow amorphous powder, m.p. 193-95° (decomp ). [Found : C, 62°0r ; 
H, 891; M.W. (ebullioscopic), 575. CosHasOio requires C, 61°76; H, 88 
per cent. M.W., 544]. It is neutral in reaction and reduces Fehling’s 
solution after hydrolysis with hydrochloric acid. It is probably a glucoside. 
We designate it as margosin. It shows no reaction with bromine in chloro- 
form solution and does not give ferric chloride reaction. 


Isolation of the Acids A, B, C and D from Neem Oil.—2o00 G. of the oil 
were hydrolysed on a gently boiling water-bath with 100 g. of potassium 
hydroxide in 450g. of aqueous alcohol for 10 hours. The thick viscous 
material was cooled and was treated with water, when the potassium salts 
separated out as solid mass. These were collected, washed with cold water 
and subsequently acidified in aqueous suspension when a semi-solid mass of 
mixture of acids separated out. These were collected after cooling. On 
standing the precipitate became oily and the oily portion was freed at the 
pump as far as practicable. The solid residue -was then triturated with 
petroleum ether, cooled at about 25° and then filtered. The filtrate 
on dilution with more petroleum and cocking to below 10°, gave some 
solid acids. : 

The crystalline solid acid mixture was triturated with just enough petto- 
leum to give a thin paste, then cooled to about 25° and filtered by suction, 
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when the solid. could be freed from most of the oily matter. But it was 
necessary to repeat the process several times before a complete separatioa 
_ could be effected. The solid residue was further purified by, recrystallisatioa 
from petroleum when it had m.p. 67°. [Found + C, 74:21 ; H, 12°02 ; M.W. 
(ebullioscopic), 240;*°M.W. (by. titration for a monobasic acid),] 232°4. 
CysHy.02 requires C, 73'7; H, 12°2 per cent. M.W,, 228]. 

The petroleum mother-liquor from the solid acid on cooling to 15° gav2 
a second acid which melted at 50-53°. The filtration must be rapid other- 
wise the acid dissolves in the solvent-with rise of temperature. This 
was purified by several crystallisations. Depending on dilution some times 
the solution was cooled to about 4-5°, before it crystalliseed. The purified 
acid ‘B”’ melts at 55°. [Found : C, 75°3; H, 12°2; M.W. (ebullioscopic), 
260°2; M.W. (by titration, for a monobasic acid), 256°7. CisHs.0. requires 
C, 75:0: H, 12°5 per cent. M. W., 256]. : 

Separation of the Oil “‘X’’—The oily product consisted of a mixture o: 
two acids only. After removal of the solvent from the dried solution, the 
acid mixture (50 g.) was mixed with methyl ~alcohol (200 c.c.) and 
sulphuric acid (10 c.c., d 1°84) and esterified. The methy! alcoholic solu- 
tion of the acids separated into two layers assoon as sulphuric acid was 
added. The mixture was heated on the steam-bath for about 7 hours 
when the layers practically disappeared. After removal of methanol and 
addition of water, the oily ester layer was purified in the usual way and 
distilled. The first fraction was coilected at 205°/14 mm. and second a: 
215°/14 mm. After several redistillations the methyl ester of neem acid 
“Chad b.p. 177°/3 mm. [Found: C, 7603; H, 11-7. M.W. (cryos- 
copic), 254. CisHs.O, requires C, 75-6; H, 11-8 per cent. M.W., 253]. I: 
had d,°?"*, 084801; mv°?"*, 143781, whence [R: |p found : 78:28 (calc. 78-36) 
The ester absorbs bromine very rapidly. ‘The bromo-ester, b.p. 230°/4 mm 
(decomp.) gave low halogen values. (Found: Br, 31-4. CiseHsoO,Br, re- 
quires Br, 38:4 per cent). 

The neem acid “‘C’’, isolated by hodrolysis of the methyl ester, hac 
b.p. 189-90°/4 mm. and m.p. 47-48°. [Found : C, 75:2, H,?r1-57 ; CisH2,0: 
requires C, 75°03; H, 11°66 per cent. Found: Ba, 22°13. (CisH2;0.) 2Be 
requires Ba, 22°3 per cent]. 

The second fraction (the methy! ester of neem acid D), on redistillatior 
had b.p. 185°/3mm. [Found: C, 77°5; H,116. M.W. (cryoscopic)” 
30290. CyoH3,0, requires C, 77-6; H, 11-3 per cent. M,W., 204]. It hac 
d,°?"5, 0°86557; mv°*"5, 1443905, Whence [Ri]> found: 89°57 (calc. 88-81) 
The ester rapidly absorbs one molecule of bromine and this bromo derivative 
also decomposes partially on distiilation at 223°/4 mm. (Found: Br, 27-4. 
CisH3,02Br, requires Br, 352 per cent). 
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The nee-n acid “D”’, isolated by hydrolysis, had b.p. 194-95°/4mm. 
and partially crystallised on standing, the crystals had m-p. 31-33°. [Found: 


CigH3.02 requires C, 77:14; H, 11°43 percent. Found: 


C, 77-01; H, x17. 
This acid also rapidly 


Ba, 19°3. (CysH3:02). Ba requires Ba, r9°7 per cent]. 
absorbs bromine at the ordinary temperature. 


-OrGANIC CHEMISTRY LABORATORY, 


PRESIDENCY COLLEGE, 
Caicurra, Received October 5, 1939. 


ELECTRODIALYSIS OF SOILS. THE INFLUENCE OF 
EXCHANGEABLE BASES ON THE RECOVERY OF 
MANGANESE BY ELECTRODIALYSIS. 


By R. C. Hoon anp C. L. DHAWAN. 


Soils containing manganese and one of the elements viz., Na, K, Ca and Mg were 
electrodialysed and the manganese, both in the electrodialysate and the deposit on the 
cathode etc., was separately determined. As the result of this study, the effect of 
different bases which may be present in the exchange complex of soils on the recovery 
of manganese is brought ont. 

A few natural soils have been subjected to electrodialysis and the manganese in 
the electrodialysate determined. Bad soils yield greater amount of manganese in the 
electrodialysable form than soils with low px values. 

It is concluded that at high px values when, the dominant base in the exchange 
complex of soils is sodium, more manganese comes out in the soluble form and is thus 
made available to plants. This availability of mangenese to plants may be reduced. 
when the dominant base in the exchange complex of soils is calciiim or magnesium. 


The importance of trace elements in the soil in influencing plant nutri- 
tion is gradually being realised. It is well known that replaceable or 
electrodialysable bases are more readily available to plants than the non- 
replaceable ones. ‘The estimation of these bases by electrodialysis has been 
recommended by several workers (S. Mattson, Soil Sci., 1938, 45, 309; 
Prince and Toth, ibid., 1938, 46, 83 ; Puri and Hoon, ibid., 1936, 48, 
305). This method has been recently applied to study the antagonism 
between sodium and ‘calcium in soils (Puri, Hoon and Dhawan, Soit Sci., 
1939, 47, 479). As the replaceable bases appear as hydroxides on electro- 
dialysis, manganese occupies a peculiar position in so far as its hydroxide 
is sparingly soluble in water. Thus not only it will have a tendency to be 
deposited on the cathode but the presence of other bases will -exercise an 
influence on the manner of its recovery by electrodialysis. Prince and 
Toth (loc. cit.) by using soils partially saturated with manganese, recently 
studied the effect of lime on exchangeable and electrodialysable manganese. 
They found that with the increase of lime applications the exchangeable 
manganese decreased. : 

The object of the present investigation was to study’ the extent to which 
the recovery of manganese from soils by electrodialysis might be affected 
by the presence of other bases in the exchange complex. 
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EXPERIMENTAL. 
Preperation of Soils. 


(i) Three soils were selected for this study. Soil No. P.C. 13 wasa 
black cotton soil of high exchange capacity. Soil° No. P.C. 72 was an 
alluvial clayey loam and soil No. P.C. 123 was a raw alluvial clayey sub- 
soil containing 83 %of clay. The following table gives the mechanical 
* composition of these three soils. 


Tasis I. 
Soil Noz Sand. Silt. Clay (particles) below 
. o0°002 mm. 
P.C. 13 43°55 % 20°65 % 53°30 % 
PC. 72 4°52 4975 - 44°08 
P. C. 123 6°20 10°60 83°20 


‘The soils were ieached with o’osN-HCl exhaustively to remove the ex- 
changeable bases and then washed with distilled water until free from 
chlorides. 


Fic. x. 


Titration curves of H-soil prepared from P.C, 13. 
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Fic. 2. 
Titration curves of H-soil from P.C. 72. 
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Titration curves of H-soil prepared from P.C. 123. 
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Figsures 1-3 give the titration curves of the H-soils, thus obtained, 
with hydroxides of Na, K, Ca and Mg and show that the soils differ widely 
as regards their behaviour towards bases. 


(#) The H-soils, obtained above, were converted, to manganese soils 
by treating 50 g. portions with a litre of normal manganese chloride solution 
according to Prince and Toth (loc. cit.). The soils were then washed free 
of chlorides. 

(iii) To 5 g. portions of the manganese soils, hydroxides of Na, K, Ca 
and Mg were added separately in increasing amounts. In this way sets 
of manganese soils containing varying amounts of each one of the four 
bases and having different pa values were obtained. ‘The soils were shaken 
with distilled water for 48 hours before subjecting them to electrodialysis. 


Equipment and Technique of the Method used for Electrodialysing 
Soils. 


The electrodialysis of soils was carried out for 5 hours at 100 milliamp. 
current in an apparatus fitted with a rotating anode and a cone-shaped 
cathode made from thick platinum gauze. Formerly (Puri and Hoon, 
loc. cit.; Soil Sci., 1938, 45, 309}. a copper cone served as the cathode. 
It was, however, found that on electrodialysing manganese soils some 
material was deposited on the cathode and the filter paper holding the sus- 
pension. In this investigation it was therefore considered necessary not 
only. to determine the manganese content of the electrodialysate but also of 
the deposit on the cathode etc. 

The electrodialysate was titrated with standard HCl using phenolphtha- 
Jein as indicator and then manganese was determined by the bismuthate me- 
thod (Imp. Bureau Soil Sci, Bull., 1937, No. 17). The deposit on the 
cathode and filter paper (after washing off the soil suspension} was dissolved 
in dilute H,SO, and its manganese content determined separately as in the 
electrodialysate. The amount of manganese actually removed by electrodialy- 
sis of soils is represented by the total of the mangenese determined in the 
electrodialysate and the deposit on the cathode etc. 


The pa of 1:5 soil-water suspensions, given in the tables was deter- 
mined by the glass electrode (Hoon and Taylor, Memoir Punj. Irri. Res. 
Inst., 4, No. 1). 

It was considered of interest to determine the manganese content of 
artificially prepared manganese sails by different methods and compare the 


results. ‘The manganese content of the soils, prepared from the three soils 
: ; 
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described ae (a) (4) prior to the addition of the hydroxides of Na, EK, 
Ca and Mg was determined by the following methods: 
(i) Directly from the manganese soils by bismuthate method. 

, (i) Leaching the soils with neutral ammonium acetate and estimating 

manganese in the leachates. - > : 
(iii) Subjecting the soils to electrodialysis and determining manganese 

in the electrodialysate and the deposit on the cathode, etc. separately. The 
results are given in Table IT. 


TABLE IL. 
Manganese content of artificially prepared manganese soils by 
different methods. 


x 


33 a 4 g ; ag os Mn recovered by electrodialysis in 5 hr. 
a, a 2 
g a ao Ho (A) (B) 
g 25 a Be «$6 8 3 
Y » eu Bago ae c 
oy i} BY yay og 96 A+B) 
a3 ee 8 8s oe 24 ( 
co oo ae w”gd 4.9 ‘28 
vo 3 § 3 ag 3 ag aa 
3 wv ° 
i Aas &F ae Se" gf oa 
PC. 13 3°62 63°75 meq. 44'60m. eq. Io’9m. eg. 10° m.eq. ar’5m. eq. 
P,C. "72 4°80 4U°75 35°80 x16 Ir'9 23°5 
P. C. 123 414 31°80 22°40 20°8 | 10°6 314 - 


DISCUSSION. 


The results show that whereas in manganese soils prepared from P. C. 
13 and P, C. 72, oniy a portion of the total manganese coyld be recovered on 
electrodialysing for 5 hours, the amount being even less than that recovered 
- by leaching the soils with normal ammonium acetate solution, almost 
the whole of manganese was recovered by electrodialysis from manganese 
soil prepared from P. C. 123. These differences in the recovery of manga- 
nese from the three soiis are rather significant. In manganese soils, prepared 
from P. C. 123, the recovery of manganese by electrodialysis is quick and 
almost complete in 5 hours under the conditions of the experiment. With 
manganese soils prepared from P.C. 123 and P. C. 72, however, He recovery 
of manganese is a much slower process. “ 7 
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Tass IIT. 


Electrodialysis of soils artificially prepared from P.C. 13. 


3 3g 4g Manganese recovered by electrodialysis _ a 

e @ 3 : from soils. a 

3 g ‘Sa 5 v 5 ED : fe 

oe : S a Z be 

ga ze SA5 E85 & ge 
Mn-Na soils. 

40 m, eq. 5°49 8°40 m, eq. 15'60 m, eq. 24°00 m, eq. 52°5 % 
I0'o 7°29 4°50 9°60 14°10 80° 
26°0 8°18 560 8°20 13°80 89'2 
50° 10°x2 14°50 - _ 14°50 82°4 

100°0 IL‘oo 15°20 _ 15°20 79°9 
Mn-K soils, 

40 S31 7°00 15°40 22°40 75°0 

10° , 6'80 4°70 12°70 17°40 79 0 
“260 8'29 6°10 1I'g0 18"00 85°7 
50°0 9’60 3/00 3°40 6°40 78°6 
100'0 10°08 4°40 3°40 7°60 94°0 
: Mn-Ca soils. 
150 5°62 14°80 17°60 32°40 35°3 
20°0 6°56 9°70 : 9°90 19°60 33°5 
a5‘0 6'86 1180 7*I0 18'go 48'4 
37°0 7°26 3°80 4°50 8°30 44'0 
50°0 782 5°40 2°90 7°30 40'0 
go’o 8°55 510 2°I0 7°20 45°4 
Mn-Mg soils. 

10°O 580 8°70 5°00 13°70 30 
30°0 6°34 5"Io 16°20 21°30 3°3 
600 7°33 2°00 : 18°90 20 90 5°16 


_ 130°0 8°25 2°30 1960 2I‘go 440 
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manganese soil. « 


Electrodialysis of artificially prepared soils from P. C. 123. 
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soil- 


1:5 
water suspensiqn. 


pu- of 
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Tape IV. 


Manganese recovered by electrodialysis. 
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Mn-Mg soils. 
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Recovery of the 
other base. 
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Taste V. 


Electrodialysis of artificially prepared soils from P.C. 72. 


a ; 2 Manganese recovered by electrodialysis. a 

oe 0 EBB go s 
3 % 98 f 5 % 3 a y 

35 og ORG ES ps 

go0Ci KR OS Z bg 

& is 2a ga Es g 8a Ps} we 

Mn-Na soils. 

4°0 ™. eq 740 12 20 m, eq. 460 m.eq. 16-80 m eq. 97°5 % 
10:0 "8-56 9°80 2:80 12-60 100-0 
20°0 9-06 7:80 4:40 12-20 97:0 
50:0 II-I0 8-80 I-00 9:80 95:2 

100°0 ILe25 7°50 2-00 9°50 99°8 
Mu-K soils, 

4:0 710 9°20 4°60 13:80 1c0"0 
10-0 7-90 10-50 5°20 15-70 100-0 
20-0 9°20 6-80 - 2'So , 9-60 100-0 
50-0 1145 3°00 0-20 3-20 94-4 

100-0 © I1-go 5:00 , 0-40 5°40 97°7 
Mn-Ca soils. 

10-0 7-48 1.20 7:00 18°20 80°o 

20°0 8-30 8-50 2-80 Ingo ' 86°0 

30°0 9°00 6-60 6-20 12-80 90.0 

500 9:96 S°IO 6-50 11:60 89°38 

“100-0 10.54 4°30 | 6'40 10°70 83°6 
. Mn-Mg soils, 

roo 6°60 10.60 10°60 21°20 24°0 

30'0 7°22 9°40 11°50 20°90 22°0 

: 50°0 7°65 860 14°40 21°00 15"0 
jo" 780 6°60 16°00 4260 13°15 
1200 820 I°20 19°40 20°60 15°75 


Tables III-V give the percentage recoveries of manganese and the 
second base, on electrodialysis, from Mn-Na, Mn-K, Mn-Ca and Mn-Mg 
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sets of-soils of varying pa values prepared as described before (a, iii). There 
are again certain differences in the total manganese recovered from the 
various sets prepared from the three soils which are analogous to the 
differences obtained with pure manganese soils (Table II). There are, 
however, certain fundamental differences in the recovery of manganese in 
the electrodialysate and the deposit in the different sets of soils. The 
differences observed may be considered under the following heads : 


Recovery of Manganese in the Electrodialysate. 


() The maximum recovery of manganese in the electrodialysates is 
obtained from the Mn-Na sets of soils and on the whole there isa tendency 
for greater recovery of manganese with increase in pa value. ; 

(ti) The Mn-K and Mn-Ca sets of soils behave somewhat similarly and 
in these the recovery of manganese decreases as the pz increases. 

(iii) The recovery is a minimum in the Mn-Mg sets of soils. 


Recovery of Manganese as Deposit. 


(i) The deposit obtained on electrodialysing Mn-Na sets of soils contains 
the least amount of manganese and there is a tendency for the amount of 
manganese present in the deposits to decrease with increase in pug value. 
Mn-K sets of soils behave in a similar manner to the Mn-Na sets. 

(ii) The Mn-Ca sets of soils behave in a peculiar way. -There is a 
decrease in the manganese content up to about ps 8:0 after which thee is 
again a slight increase. 

(ii) In the Mn-Mg sets of soils the major portion of the manganese 
recovered by electrodialysis is present in the deposit portion. 

It may be concluded from the foregoing that at high px values when 
the dominant base in the exchange complex is sodium more manganese 
comes out in the soluble form. With increase of the lime status of soils, 
on the other hand, the amount of manganese which comes in solution is 
greatly reduced. 


Electrodialysis of Natural Soils. 


‘The recovery of manganese from natural soils on electrodialysis was 
examined. A few soils from good and bad areas containing different 
amounts of total manganese were electrodialysed for 5 hours under condi- 
tions similar to those for artilicially prepared manganese scils. Manganese 
was determined separately in the electrodialysate recovered in the first hour 
and the collective electrodialysate of the next four hours. This was done 
to obtain some idea as to the rate of recovery of manganese from these 
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soils. ‘The manganese contents of the two port:ons were added together, to 
‘obtain the total recovery during five hours and its. percentage on the total 
manganese present in the soils calculated. The results are given in 
Table VL ~ 


woe kee 


: : - Taste VI. 
. Percentage recovery of manganese from natural soils by  .- 
electrodialysis: — - a 
’ : ian gratiese recovered from soil 
ea Reg Total : : by electrodialysis. fdinisodidy 
- of soil. re os bu. Next four. Total sable and 
ae ; ; ist hour. | hours in 5 total 
2 af ; : . hours. manganese. 
Good soils. . ; ; ; is : ; : 
1290 o75m.eq. 7°98 : Nil Nil _ Nil _— 
1agr 105 794 . Nil . Nil “3 Nil — 
1308 I°30... 777 0"05 m. eq. Nil o'og meq. 3°84 % 
Bad soils. | _ = : : t. 
513 . ‘4°00 , wo46 i, ioe Nil 0°20 50 
514 4/00. 10°44 o'20 ° 005m. eg. 0°25 625. - | 
55 3°40 10°40 O10 "0°05 O'15 4'4r 
516 2°79 r0'28 ~ 0°20 Nil ~ 020 7 41 


. ,The. results show that soils having high psa values (and aiso high 
manganese ccntents) yield more manganese on electrodialysis than soils 
with low px values {and low manganese contents). Moreover the major 
portions: of the electrodialysable, manganese . comes in the first hour .of 
electrodialysis, = < 3 = ee - 9 

It isnot surprising, ° astetirs: that in Satie of high’ ps gales: more 
manganese might come out in the soluble form and thus be made available, 
to plants. This availability of manganese may. be reduced when the 
dominant base in the exchange complex of soils is calcium. 
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ON THE MOLAR ZERO FLUIDITY VOLUMES OF SOME: 
ORGANIC COMPOUNDS. 


- ‘By AMRITANSU SHEHAR CHAKRAVARTI. - 


Newton Friend has shown that the quantity Vo the Gast volume at zero fnidity 
is an additive function of atoms and linkages in a large number of compounds, He 
has calculated the atomic and structural constants for some atoms and linkages. The 
present work isan extension of the above to nitrogen, chlorine, bromine, iodine anc 
the co-ordinate link with an increase in co-valency (associated hydroxylic compounds) 
The atomic or linkage constants found for these are 6-0, 18'0, 23-0, 29°0 and 6°6 res 
pectively. 


Newton Friend (Trans. Faraday Soc., 1938, 84, 813) derived the 


relationship $=hG a between fluidity (@) and specific volume (v; 
of a liquid, v9 denoting the extrapolated specific volume of the supercoole¢ 
liquid at the extrapolated temperature of zero fluidity or infinite viscosity 
This is based on the assumption that the molecules are spherical and that 
the attractive force between the molecules varies inversely as the eightk 
power of the distance between their centres. The quantity Mvg or F- 
(M=molecular weight), termed the molar zero fluidity volume, was showr 
to be an additive function of atoms and linkages in the molecule, and some 
atomic and structural constants were evaluated (loc. cit.). : 

The present work is an extension of the above to nitrogen and haloger 
compounds, simple co-ordinate iinkages and to co-ordinate linkages accom- 
panied by an increase in co-valency of hydrogen from one to two as it 
the case of associated hydroxylic compounds. By analysing the viscositr 
and density data available, values of Vp were arrived at (Siven in ‘Table I 
and the following atomic constants evaluated :— 


N, 6:0; Cl, 180; Br, 23°0; I, 29°0. 


A simple co-ordinate linkage has the same value as the ordinary double 

bond, as would appear from the values for. nitrobenzene and the nitro- 
toluenes. ° ; : ’ . 
ogi 6 8 

Figure 1 shows the extént of validity of ‘the equation, g=k(v? — 953) 


Lines 1 to 6. exhibit the kind of discrepancy (obs, ~$eot.) found-in most 
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substance. Generally the discrepancies are very small. In case of O-, m- 
and p-phenitidine, o-bromoanline and m-toluidine, the discrepancies are 
greater, o- and m-phenitidine (lines $ and 7 in the figure) showing the 
largest discrepancies. In case of o-phenitidine (line 8) the discrepancy 
goes up to almost 100 per cent at the lowest temperattire. But, it has to 
be borne in mind that the value of 9 itself is very small at this temperature 
and consequently a small experimental error would be enormously magnified 
when calculated in the form of percentage error. Even if the compounds 
showing large discrepancies are left out of account, there is no appreciable 
change in the calculated atomic constants. 





o'r 0°20 0°30 o'40 (Lines 1,2 and 6) 
0'70 o'80 o’9g0 roo ( ,, 4;7 and 8) 
{x'70 Igo 2°I0 2°30 ( ,, 3 and 5) 
& 
= 
—> 
Line 1 refers to o-bromotoluene Line 2 refers to m-bromoaniline 
» 3 ow». trin-butylamine » 4 5, 0chlorotolnene 
» 5 yw methyl alcohol » 6 4, ethyl iodide 


1 7 gy  t#phenitidine » 8 ,,  o-phenitidine 
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Substance 
Nitrobenzene 
Aniline 
m-Toluidine 
o-Nifrotoluene 
m-Nitrotoluene 
o-Phenitidine 
m-Phenitidine 
p-Phenitidine 
n-Triamylamine 
isoTriamylamine 
Tri-n-butylamine 
Diethyl ammonium picrate 
Di-n-butyl ammonium picrate 
Tri-n-butyl ammonium picrate 
Tetta-n-butyl ammonium picrate 
pte ammonium picrate 
Di-n-cety]l ammonium picrate 
o-Chlorotoluene 
m-Chlorotoluene 
p-Chlorotoluene 
Ethyl bromide 
o-Bromotoluene 
m-Bromotoluene 
p-Bromotoluene 
o-Bromoaniline 
m-Bromoaniline 
Methy! iodide 
Ethyl iodide 
n Propvl iodide 
tsoPropy! iodide 


* Obtained from density and viscosity data. ~ 
** Calculated with the constants derived by Newton Friend and by the anthor. 


Tasre I. 
Mol. formula 


CgHsNO, -” 
CsH:N 
C;HeN 
C;H,0,N 
C;H,O:N 
CsHyON 
CyH,ON 
CgHyON 
CysHyN 
CisH33N 
CipHaN 
CyoHy407Ny 
CygH207Ny 
CysE39O7Ny 
CosFgg07Ni 
CagH3g07N4 
CsgH7907Nq 
GH,Cl 
C7H,Cl 
C,H,Cl 
CaHsBr 
C,H7Br 
C;H7Br 
C;H7Br 
CsH,NBr 
CgHgNBr 
CHI 
OHI 
CHL 
CHI 


k —-Vofobs.) * + Vofeale.)** % Diff 


672°7 
446"5 


507° © 


638°0 
698°0 
382°3 
400°0 
375°0 
229°7 
242°0 
3130 
305°9 
163°3 
278°6 
%33°3 
407 
58°8 
732°9 
7I1l 
720°0 
2242°6 
1206°5 
1246°6 
1246°6 
1253°8 
1175°4 


- 421473 


271k 
2c00°0 


1929°8 


97°5 
89° 
T05°0 


113°3 


T1494 - 


127°9 
129°3 
12g*1 
277-0 
279°9 
227°7 
228°8 
301°8 
367°9 
424-0 
444°I 
7280 
109'o 
T09*2 
109'5 

62°83 
1165 
IIO°I 
I10°x 
1074 
Io7*2 

49°5 

68°6 

85'5 
867 


97°9 

88-1 
IO5"X 
114°9 
114°9 
I30°E 
I30°L 
I30°r 
273°3 
273°3 


222°3 


232°0 
300° 
368-0 
436°0 
436°0 
708'0 
108*9 
To8*9 
108'9 
6r°r 
113°3 
133°3 
113°3 
1062 
106°2 
50°2 
67°2 
84°2 
&4°2 


+04 


—ra 


+13 
+04 
+17 
+06 
+07 
~13 
24 
24 


+14 


orc 
Harr 
ar 
aE 
Orr 


—Ot. 


—~1LTt 
—09 
+14 
—20 
—I5 
Fo 
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The agreement is fairly good except in afew cases where the differ- 
ence rises up to nearly 3%. ; 

It appeared woith while to examine the -ase of a few associated liquids 
(co- -ordination with increase.in co-valency). Data on viscosity and density 
could be obtained for methyi alcohol (0-60°), ethyl alcahol (0-70°), n-propyl 
alcohol (o-90°) and acetic acid (20-r10°). aerengtog the temperature 


ranges shown against them, the plot of ¢ against re gave a straight line 
for each of the liquids. This indicates the constancy of their degree of 
association over these ranges, as is well known from other considerations 
(Prasad, J. Indian Chem. Soc., 1934, 12, 913). Vovors) and Voveate) for 
these liquids, as obtained from their normal molecular weights (correspon- 
ding to ordinary chemical formulae) are given in Table I. 


ay ron 


Tasie II. ; 
Substance ‘ Mol. formula k. V ofobs.)  Wofeato.) 9% Diff. 
* Methyl alcohol ; : CHO _. 4760 37°4 33°2 | ~14'6 
Ethyl alchol . CHO S300 54-9 502 - 94 
n-Propyl alcohol C330 | 2647 717 67°2 — 63 
Acetic acid 4: CoO, bs 566-0 53°5 sto = SO 


It is seen that there is a large percentage difference in every case, the 
calcuiated, values being always much lower than the observed values. 
Taking into account the actual molecular weights of the liquids as obtained 
from their degrees ‘of association over these temperature ranges (calculated 
by the Eotvos-Ramsay method ; Prasad, (loc. cit.), new values for Vo could 
be obtained. The next problem was to see if a constant corresponding 
toa co-ordinate linkage with simultaneous increase in the co-valency of 
hydrogen existed. The method applied to test this is illustrated in the 
case of methyl alcohol. Methyl alcohol (CH,O) is 3'6 or nearly 4 times 
associated. ‘The molecular weight is 4 x 32 or 128. Four molecules are held 
by three éo-ordinate linkages involving an increase in the co-va'ency .of 
hydrogen, thus—-<, - 


Joi Es Jus Jus 
_ H-O0—->H—0——> H—0—> H—-0 
The molecular formula can be written as (CH,O), or C,Hy,04. Vovors.) 


corresponding to C,HisO. is obtained by multiplying vg by the molecular 
weight corresponding to CoH60.. Substracting from Vo(obe) the sum of 
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the atomic constants corresponding to the above formula, we get the value 
for three such co-ordinate linkages to be 168. Hence, the value of th2 
constant corresponding to one such co-ordinate link is 5-6. The sam2 
method is applied for finding out the constant for a co-ordinate link with 
simultaneous increase in co-valency of hydrogen in the cases of ethyl alcoho-, 
n-propyl alcohol and acetic acid. The mean value of the constant 5 
found to be 6-6. The difference in the values for a co-ordinate linkag= 
with and without increase in co-valency has its parallel in the parachor and 
there is nothing unexpected about it. 

Table III shows the difference between the observed and calculated 
values of Vp for the associated compounds. The calculations have beea 
made on the basis that association, as determined by the Eétvos-Ramsa; 
method is correct and that the constant corresponding to a co-ordinat2 
linkage with simultaneus increase in co-valency of hydrogen is 6-6. 


Tasie Il. 
Substance Mol. formula Degree of Volobs.. Voleale) % Dill. 
association 
Methy! alcohol CH,O 3°6 (4 approx.) 149°6 152°6 +c 
Ethyl alcohol C,H,O 3 164°7 163°8 ort 
n-Propy! alcohol C3H3,O 2°1 (2 approx.) 143°4 14° ur 
Acetic acid C,H,02 2 107"°0 108°6 +E 


The data were taken from the Tables Annuelles, Vol. XI (1931-34), 
Landolt Bornstein Tabellen and the International Critical Tables. 

Iam deeply indebted to Professor Balbhadra Prasad for his kind interest 
and valuable advice during the course of this work and to the Government 
of Orissa for the award of a Research Scholarship. 

MAYuURBHANJ] CHEMICAL LABORATORY, 


RAVENSHAW COLLEGE, Received December rx, 1933. 
Currack. 


PECHMANN CONDENSATION OF P-ORSELLINIC ACID WITH 
ETHYL ACETOACETATE.- SYNTHESIS OF 7-HYDROXY- 
4.:5-DIMETHYLCOUMARIN. 


By S. M. Setana AND R. c SHAH. 


’ p-Orsellinic acid has been condensed with ethyl acetoacetate in presence of concen- 
trated sulphuric acid yielding 7-hydroxy-q :5-dimethylcoumarin-8-carboxylic acid. 
This on decarboxylation gives 7-hydroxy-4:5-dimethylcoumarin which cannot be 
obtained by the Pechmann condensation of orcinol with ethyl acetoacetate. The decar- 
boxylated product has been assigned the coumarin structure because of its non- 
identity with 7-hydroxy-2 :5-dimethylchromone. 


“Pechmann condensation of orcinol with malic acid gives 7-hydroxy-5- 
methyleoumarin (Pechmann and Welsh, Ber., 1884, 17, 1649), but with 
ethyl acetoacetate the reaction proceeds “abnormally giving 5-hydroxy-4:7- 
dimethylcoumarin (Collie and Chrystall, J. Chem. Soc., 1907, 91, 1804). 
The condensation of 8-resorcylic acid with ethyl acetoacetate in presence af 
concentrated sulphuric acid yielding 7-hydroxycoumarin derivative (Shah, 
et al, J. Indian Chem. Soc., 1937, 14, 717) suggested a possible method for 
the synthesis of the hitherto- unknown 7-hydroxy-4:5-dimethylcoumarin by 
the Pechmann condensation of p-orsellinic acid with ethyl] acetoacetate and 
subsequent decarboxylation of the product formed. 

p-Orsellinic acid condenses smoothly with ethyl acetoacetate in presence 
of sulphuric acid to give 7-hydroxy-4:5-dimethylcoumarin-8-carboxylic acid 
(I), which on decarboxylation gives 7-hydroxy-4:5-dimethylcoumarin (IT). 

The decarboxylated product has been characterised by the preparation 
of its acetyl and benzoyl derivatives and its methyl ether. It does not give, 
however, a cinnainic acid derivative and on heating with alkali gives orcaceto- 
phenone. ‘These facts led the authors first to suspect that the product 
must be a chromone, viz., 7-hydroxy-2:5-dimethylchromone, which also 
may be formed, as the formation of a hydroxy-ketone-n hydrolysis is 
believed to be the criterion of a chromone (Baker, J: Chem. Soc., 1925, 2349). 

The decarboxylated product has been found to be different from 7- 
hydroxy-2:5-dimethylchromone (III), obtained by the Claisen condensatian 
of orcacetophenone dimethyl ether with ethy! acetate and subsequent ring- 
closure of the 8-diketone formed.- The acetyl and methoxy . derivatives of 
both have also been found to be different. Hence the acid has the coumarin 
structure (I) and the decarboxylated product is (II): 

Experimental evidence has shown so far that -a hydroxy-ketone is 
obtained only on the alkaline hydrolysis of a chromouve and not a-coumarin 
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(cf. Baker, loc. cit.), but it is quite possible that the coumarin (II) can 
give orcacetophenone (IV) by undergoing hydrolysis along the dotted line 
(a) after opening of the pyrone ring as shown below :-— 








HOOC O O 0) 
ee ae re HO” SW NC'Me 
2 
— 
wag Wee Jes 
Me CMe Me C’Me Me CO 
(1) ' (II) . 
(a) 4, Je ; 
OE PE ae Pe +CH;COOH 
C—CH'COOH \ /COMe : 
Mey : _ 
(not isolated) (IV) 


ExPERIMENTAL 


7-Hydroxy-4:5-dimethylcoumarin-8-carboxylic ‘Acid (I).—p-Orsellinic 
acid was prepared by Robertson and Robinson’s method (J. Chem. Soc., 
1927, 2199) by carboxylation of orcinol. On keeping p-orsellinic acid 
with ethyl acetoacetate and concentrated sulphuric acid in the cold 
for about 30-40 hours the condensation did not take place, p-orsellinic 
acid being recovered unchanged. On heating the above reaction mixture 
in a boiling water-bath for 2-4 hours, p-orsellinic acid was decarboxylated 
and the product obtained was found to be 5-hydroxy-4:7-dimethylcoumarin, 
which is obtained on Pechmann condensation of orcinol with ethyl aceto- 
acetate. When, however, a temperature of 60-70° was used the condensation 
was quite facile — 

Toa mixture of p-orsellinic acid (ro g.) and ethyl acetoacetate (8 g.), 
concentrated sulphuric acid (80 c.c.) was added gradually with shaking. 
After heating the reaction mixture for 4 hours in a-water-bath at 60-70° 
it was added to cold water. The product obtained was ground up with 
sodium bicarbonate solution and the solution on acidification gave a product 
which on crystallisation from rectified spirit gave tiny shining needles 
(q°5-g.), m. p. 225° (efferv.). It is sparingly soluble in alcohol. It gives a. 
violet colouration with alcoholic ferric chloride and dissolves in alkali with 
a bluish fluorescence. (Found: C, 6r°6; H, 4°5- CisH1)O; requires C, 61°6; 
H, 4°3 per cent). ‘ 
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The portion insoluble in sodium bicarbonate. solution on crystallisation 
from alcohol gave pale yellow needles, m. p. 253-55°, mixed m.p. with 
5-hydroxy-4:7-dimethylcoumarin prepared by Pechmann’s method from 
orcinol and ethyl] acetoacetate was the same. Pechmann and Cohen (Ber., 
1884, 17, 2187) give m. p. 248°. 

7-Hydroxy-4 :5-dimethylcoumarin (II).—The above acid( 2 g.) was heated 
ina test-tube in an oil-bath at 230-35° for ro minutes. The acid melted 
with effervescence and the solid residue on crystallisation from rectified 
spirit gave tiny needles (173 g.), m. p. 248-50°. (Found: C, 68°9; H, 53. 
Cy,Hy.0, requires C, 69°5; H, 5°3 per cent). Mixed m.p. with 5-hydroxy- 
4:7-dimethylcoumarin was depressed by about 30° and mixed m.p. with 
7-hydroxy-2:5-dimethylchromone was depressed by about 40°. The product 
gives no colouration with alcoholic ferric chloride. It dissolves in alkali 
with a bluish green fluorescence. 

The acetyl derivative, prepared as -usual with pyridine and acetic 
anhydride, was crystallised from rectified spirit in needles, m.p. 119-21°. 
(Found: C, 66°6; H, 5°0. CysH,20, requires C, 66°7; H, 5x per cent). : 

The benzoyl derivative, prepared as usual with benzoyl chloride 
and pyridine, was crystallised from rectified spirit in shining needles, m. p. 
130-31°. (Found: C, ‘73°2; H, 4°8. CyeFHi.O4 requires C, 73°5 ; H, 4°8 per 
cent). 

The methyl ether, prepared as usual with sodium hydroxide and 
dimethyl sulphate, was crystallised from rectified spirit in needles, m.p. 
rr7-19°. (Found: C, 70°5 ; H, 5°7. CyzHi203 requires C, 70°6 ; H, 5’9 per 
cent). : 

Hydrolysis of 7-Hydroxy-4:5-dimethylcoumarin.—The coumarin (05 g.) 
was heated on a boiling water-bath with sodium hydroxide (10%; 15 cc.) 
for 5 hours. The solution was acidified with hydrochloric acid and the 
product obtained on cooling was crystailised from aqueous alcohol in needles, 
mp. 157-59°. Mixed m.p. with orcacetophenone prepared by Hoesch’s 
method (Ber., 1915, 48, 1127) was not depressed. ° 

(2':4'-Dimethoxy-6'-methyl)-benzoylacetylmethane.—Dimecthyl ether of 
orcacetophenone (6 g.) and ethyl acetate (11 g., approx. 4 mols ) were added 
to pulverised sodium (1°5 g., approx. 2 mols.), the whole being cooled 
externally by cold water. After the initial vigorous reaction had subsided 
the reaction mixture was heated in an oil-bath at 115-20° for x hour. 
On cooling water was added to the reaction mixture and it was 
extracted with ether to remove the excess of ethyl acetate and the 
unreacted dimethylether of orcacetophenone. ‘The alkaline solution was 
acidified with dilute acetic acid when an oil separated which soon solidified. 


e 
x 
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It crystallised from dilute alcohol in pale yellow needles (4°5 g.), m.p. 
74-76°. It gives a reddish violet colouration with alcoholic ferric chloride 
(Found-: C, 66°3; H, 69. CisH 1,0, requires C, 65°38; H, 7°3 per cent). 

The coppe: salt, prepared from the 8- diketone and copper acetate, was 
crystallised from benzene in tiny greenish needles, m-p. 198-200°. [Found : 
Cu, 11°8. (CisHi;0,4), Cu requires-Cu, 11°9_percent] This salt on decompo- 
sition with 10% sulphuric acid gives thé original B-diketone back. 

7-Methoxy-2:5 dimethylchromone.—To ‘the above @-diketone (2 g.), 
dissolved in the minimum quantity of acetic anhydride, hydrobromic acid 
solution (d 1°78, xo c.c ) was added and the reaction mixture left overnight. 
The product obtained on adding the reaction mixture to water was treated 
with dilute sodium hydroxide solution to remove any hydroxy-chromone, 
formed. The alkaline solution, however, gave practically nothing. oh 
acidification with hydrochloric acid. The alkali-insoluble portion crystallised © 
from rectified spirit as needles (0°8 g.), m.p. 150-52°. (Found: C, 708; 
H, 5’9. Cy2Hy203 requires C, 70°6 ; H, 59 per cent). 

7-H ydroxy-2:5-dimethylchromone.—The methyl ether ~ (o’5 g.) was 
dissolved,in- acetic anhydride (3c.c.) and hydriodic acid (d1°7, 5cc.) 
added gradually. The reaction mixture was refluxed in an oil-bath at 
130-40° for 2 hours and_ then’ added to sodium bisulphite solution. The 
product which separated was treated with sodium hydroxide (5 %, 15 cc.). 
‘The small quantity of the insoluble portion was found to be the undemethyl- 
ated methyl ether described above. The alkaline solution was acidified 
and the product obtained crystallised from rectified spirit in pale yellow 
glistening needles (0°3 g.), m-p. 253-55°- (Found: C, 697; H,.5°3. 
Ci:H,,03 1equires C, 69°5; H, 5°3 per cent). The product dissolved in ~ 
sodium hydroxide and in concentrated sulphuric acid with greenish 
flourescence. : : 

_ The acetyl derivative, prepared as usual with sodium acetate and 
acetic anhydride, crystallised from rectified spirit in long woolly needles, 
m.p. 195-97°. (Pound : C, 67°33 H, 5°2. C,,;Hi20, requires C, 66°7; H, 
5 I per cent). | ; : 

The styryl derivative could not be obtained either from hydroxy- 
chromone or its methyi ether and piperonal. : 

Altempts to hydrolyse the chromone methyl ether by refluxing it with 
50%, alcoholic caustic potash for 16 hours gave the methyl ether back. 


> ELPHINSTONE COLLEGE, AND : 
Royal INSTITUTE OF SCIENCE, ‘ Received January 30, 1940 
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EXTENSION QF REFORMATSKY REACTION. PART I. 
STUDY WITH ETHYL BROMOMALONATE AND ACETONE. 


By Ba.Krisuna H. Iver. 


Reformatskv reaction with ethyl] bromomalonate and acetone follows an unexpected 
course. One molecule of the former reacts with two molecules of the latter leadirg 
to the formation of ethyl acetonylisopropylmalonate which has been characterised by 
its cyclisation to 5:5-dimethyldihydroresorcin and hydrolysis to a dilactone. The mecia- 
nism of the reaction is explained. 


The classical Reformatsky reaction for the synthesis of 8-hydroxr- 
esters consists in the condensation of the a-bromo-ester of a monocarboxyl-c 
acid with a ketone in the presence of zinc. Studies with various ketones 
and oxides, and e-chloro-, bromo- or iodo- esters of monocarboxylic acics 
are reported in litetature (Lawrence, J. Chem. Soc., 1897, 72, 457 ; Clerro 
and Ormston, ibid., 1933, 362 ; Johnson, J. Amer. Chem. Seoc., 1913, 83, 
582; Nieuwland and Daly, ibid., 1931, 58, 1842 ; Fuson and’ Farlow, ibid, 
1934, 56, 1593; Myers and Lindwall, ibid., 1938, 60, 644; Fuson etal, 
ibid., 1938, 60, 2272 ; Arbusow, Ber., 1935, 88, 1430). Having failed to 
see any mention of a Reformatsky’s synthesis using the o-halogen ester 
of a dibasic acid, it was thought to be of interest to study the reaction of 
ethyl bromomalonate with acetone in the presence of zinc. (Proc. Indian 
Science Congress, 1935, p- 146). Under the normal course the B-hydroxz- 
ester (I) would be expected. 


Me,C(OH)'CH(CO-Et). (1) 


But the reaction takes a different course leading to the formation of 
acetonylisopropylmalonate (11) (b. p. 135-137°/4 mm.) from two molecules 
of acetone and one molecule of ethyl bromomalonate. The structure 7f 
(Il) was proved by its cyclisation to 5:5-dimethyldihydraresorcin (IT) 
(semicarbazone, m.p.“74-75° ; Vorlander and Erig, Annalen, 1897, 29%, 
314) on treatment with sodium methylate and subsequent hydrolysis wih 
alkali. On hydrolysis with hydrochloric acid the ester (II) gives the 
dilactone ([V) (m.p. 135-36°). Qudrat-i-Khuda (J. Chem. Soc., 1929, 201) 
prepared (II), which he named as ethyl ester of a-carboxy-y-acetyl-83- 
dimethylbutyric acid and the dilactone (IV) by the condensation >f 
mesityl oxide with cyanoacetamide. The alkali hydrolysis of 6-hydrox7- 
2-keto-3-cyano-4:4:6-trimethylpiperidine (V) gave the acid (VI) which: 


is ; j 

: ; eds 
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was esterified to (II) and subsequently cyclised to (III). When the 
piperidine derivative (V) was hydrolysed with hydrochloric acid the : 
dilactone (IV) was formed. The melting points of the products (IV) and 


the semicarbazone showed no depression when admixed {vith the respective 
ones prepared according to Qudrat-i-Khuda. ; 


Iyer Qudrat-i-Khuda 
Me.CO+,CHBr(CO.Et). ‘  Me.C=CH’CO’Me 
+ 
«lg CN CH,'CO'NH, - 


is 
Y i 
CH, (C(OH)'Me 
CH,~COMe 
‘i of 2 Me.C¢ NH 





189) 
CH(COEt)s 7 CO 
| © (V) 
ijz I 
mio “ 
3 | 2 BSI te 
i ery | 
CH, o___CMe O s  eeseoite 
Me,c/ NCO | Mec€ 
* LU) i CH(CO.H), 
FAC\ /CHa | CMe, | (vp 
CO ; Doo ee L 
fe oe oe an 
O + 


(11) (av) ’ (I11) 


In all the experiments excess of acetone (3 molecules to one of bromo- 
ester) was used. Suspecting that’the excess of the ketone was misdirecting 
the normal Reformatsky reaction, in a trial experiment only molecular 
proportions were used. However, the product isolated was the same (II) ; 
only a quantity of zinc and ethyl bromomalonate were recovered unreacted, 
thus indicating the need for excess of acetone. Further, from the low. 
boiling fractions of the reaction mixture, mesityl oxide was isolated. 
Therefore, it becomes necessary to assume that due to the influence of zinc and 
ethy! bromomalonate, formation of mesityl oxide takes place in the system. 
Kohler, Heritage and Macleod (Amer. Chem. J., 1911, 46, 217) havé studied 
the action’ of methyl bromomalonate on benzalacetophenone in presence. 
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of zinc, where due to 1:4-addition at the conjugated system, methy!-7- 
benzoyi-8-phenylethylmalonate (VII) is formed as under 


’ Ph’'CH=CH'CO’C,H; + CHBr (CO.Me)2+ 


8 
Ph.CH-CH=C (OZnBr)Ph : 
| ny 
Ph'CH -CH=C(OH)’Ph Ph’CH —~CH, -CO’Ph 
CH(CO.Me), ae CH(CO.Me), 


(VI) 


They have established that with bromomalonic esters and unsaturated ketones 
only x:4-addition happens under these conditions. In analogy to ths, 
the mechanism of the present reaction is explained as follows. Two. 
molecules of acetone condense to give mesityl oxide. Later the ziac 
compound of ethyl bromomalonate adds on to it in 1:4-position leading 


to the formation of (II) as below. 


Zn 
Me,C=CH’CO*Me+CHBr(COzEt), —> Me,C—CH=C(OZnBr)Me 


— 
7 


CH(CO.Et). 
Me.C—CH=C(OH)Me Me,C—CH.—CO"Me 
CH(CO.Et). 7 CH(CO.Et), 
(II) 


Apparently this is not a true Reformatsky reaction although molecular 
proportion of zinc is consumed. The possibility of the formation of tie 
hydroxy-ester (I) in the early stages of the reaction and its subsqeueat 
condensation with another molecule of acetone to form (II) is ruled out 
as there is neither any indication during the present investigation nor any 
mention of a parallel case in literature. Incidentally, experimerts 
using diacetone alcohol and mesityl oxide instead of acetone, also yidid 
only (II). 


It is hoped to extend the work with other ketones and halogen esters 
of dibasic acids, 


218 , B. H. IYER 


EXPERIMENTAL 


Ethyl bromomalonate was prepared by brominating malonic ester in 
carbon tetrachloride (Organic Synthesis, 1927, VII, 34). 

Ethyl Acetonylisopropylmalonate (II).—To ethyl bromomalonate 
(47°8 g.) and dry acetone (34°8 g.) taken in a 500 c.c. round bottomed flask 
fitted with a reflux condenser and guard tube, and heated on a water-bath 
purified zinc wool (x4 g.) was added in small quantities. Very often the 
reaction commenced immediately ; on occasions it had to be started by 
the addition of a trace of iodine. After the entire zinc was added it was 
refluxed for about 2 hours and the excess of acetone distilled off. Water was 
then added and the resulting mixture was treated with dilute sulphuric acid. 
‘The separated oil was taken up in ether, the ethereal solution was successive- 
ly washed with dilute sulphuric acid and water, and finally dried with 
magnesium sulphate. The residual oil (23 g.) from ether was distilled 
at 170-175°/34-36 mm., or at 135-37°/4 mm., yield gg. (Found: C, 60°37; 

“H, 8°53. M.W., 2569. CisH220; requires C, 60'47; H, 8°53 per cent. 
M.W., 258). 

Cyclisation of (I) to 5:5-Dimethyldihydroresorcin (II]).—Ethyl 
acetonylisopropylmalonate (12 g.) was cyclised by refluxing it for 2} hours 
with auhydrous methyl alcohol (50 c.c.) in which sodium (r°5 g.) was 
dissolved. The mixture was again refluxed for another 5 hours after the 
addition of caustic potash solution (8 g. in rooc.c. of water}. Alcohol 
was then removed and the product isolated after acidification with hydro- 
chloric acid, m.p. 146-48° (mixed m.p. with a genuine sample), yield 3 g. 

The semicarbazone, prepared in the usual manner, crystallised from 
ethyl alcohol, m.p. 74-75° (mixed m.p. with Qudrat-i-Khuda’s preparation), 
yield 3 g. (Found: N, 13°06. Calc. for C,,H2;0;N; : N, 13°33 per cent). 

Hydrolysis of (II) and Formation of the Dilactone (IV).—The ester 
(II, 5g.) was refluxed with dilute hydrochloric acid (z.1, 40 c.c.) till the 
oily layer disappeared. It was then filtered and evaporated to dryness. 
The pasty mass was purified ‘by successive treatment with acetone and 
benzene and the solid crystallised from water, m-p. 135-36°, yield 1 g. 
(mixed m.p. with Qudrat-i-Khuda’s product). (Found: C, 58°98; H, 
649. Calc. for CpHi204 : C, 58°73 ; H, 6°52 per cent). 

The author’s thanks are due to Dr. P. C. Guha, D.Sc., F.N.I., for his 
kind interest in the work. 
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KINETICS OF .THE REACTION BETWEEN POTASSIUM 
PERSULPHATE AND THE ALKYL IODIDES. PART II. 


By M.S. Teianc anv’ V. V. NapKarny. 


The rate of the persulphate-alkyl iodide reaction increases with dilution and tie 
calculated velovities are in good agreement with the observed values. ‘The relative 
chemical reactivities of the alkvl iodides in the homologous series have been determined 


and the results are analysed on the basis of the equation k=PZe — E/RT, P is found to 
be less than unity and there is a simultaneous decrease of activation energy and the 
Probability factor in passing from methyl to n-butyl iodide. The secondary, tertiery 
and isoalkyl iodides are more reactive than the corresponding primary compounds. 


Hecht, Conrad and Briickner (Z. physikal. Chem., 1890, 5, 289) found 
that the velocity of the methyl iodide - sodium ethoxide reaction 
varied with the dilution as ky=ki+ logiv. Cox (J. Chem. Soz., . 
1918, 118, 666; 1921, 119, 143; 1922, 124, 1904) observed this equation 
to be applicable to a similar series of reactions. Kappanna has indicated in 
the decarboxylation of trichloracetic acid in water (Z. physikal. Chert., 
1932, A, 158, 355) that the effect of dilution is no greater than w:th 
bimolecular reactions. These investigations are of value since at great 
dilutions the observed rates atid those calculated from the Arrhenius equation 
are brought into closer agreement, as observed in a large number of 
reactions (Moelwyn-Hughes, ‘‘ Kinetics of Reactions in Solutions’, 1933, 
p. 79). Attempts had therefore to be made to determine the suitable dilut-on 
for comparable results. 

Owing to.the increasing importance of the alkyl halides in synthetic 
and preparative organic chemistry, various attempts have been ‘made to 
study their chemical reactivities with a variety of reagents. Consequently, 
numerous papers on the subject have been published, (Brussof, Z. physikal. 
Chem., 1900, 84, 129; Menschutkin and Wassilieff, ibid., 1890, 5, 530, 
Wislicenus, Annalen, 1882, 212, 244 ; Segaller, J. Chem. Soc., 1914, 105, 136; 
Burke and Donnan, ibid., 1904, 85, 5553; Haywood, ibid., 1922, 124, 1004; 
Preston and Jones, ibid., r912, 104, 1930 ; Slator, ibid., 1904, 85, 1286 end 
others). Most of these reactions are considered to be metathetical. ‘There- 
fore, a study of the relative chemical reactivities of alkyl iodides with an 
oxidising agent like potassium persulphate would be of special interest. 
Further, this part of work was undertaken to determine the effect of 


2 : 


990 —- M. S. TELANG AND V.°V. NADKARNY 


zy 


the alkyl 1odide molecule in this reaction with CH, groups, 
—E/RT. 


“ weighting 


on the parameters of the Arrhenius equation k=PZe 


EXPERIMENTAL, 


The anelytical procedure has been described in a previous paper 
(Telang and Nadkarny, J. Indian Chem. Soc., 1939, 16, 536). 
Effect-of Dilution.—o’2 N-Alcoh olic solution (10 c.c.) of C,H;1 and 
-0'2 N-solution (10 c.c.) of K,S,O0¢. were mixed together and then made up 
it the required total volume with water. ‘The reaction mixture was heated 
in the thermostat for two hours in each case at 50°. The effect of dilution 
was also studied with 50% alcohol (effective composition of the 
solvent) in place of water as the diluent. Table I contains both the sets of 
observations. 


Table I. 
w = 110°8 x 1078, k= 42°7 x 1076 

_ Dilution * Velocity constant Velocitv constant (with water). 

: (v) k «108 k x 108 (obs.} k x 108 (calc.) 
(litre/g.-mol.) (with 50% alcohol). ; 

10 147°7 153°5 154.0 

20 143°9 7 174°6 186°8 

3 40 78°7 228°2 220°2 
80 30°7 254°1 253°5 ~ 

160 — 272°3 : 286°8 


The Relative Chemical Reactivities of the Alkyl Iodides-——The alkyl 
- iodides were prepared from their corresponding alcohols by the standard 
method, the alcoholic group being replaced by iodine in presence of red 
phosphorus. For the determination of the velocities of the different iodides, 
o'2N alcoholic solution (10 c.c ) of alkyl iodide and o’2N solution of K.S,0, 
(10 c.c.) were madé up to 100 c.c. with water (dilution v=50) and heated 
for two hours .at the required temperature. une results are shown in 
Table II. 
; The collision freqiiencies Z have been calculated from the equation 
(Moelwyn-Hughes, J. Chem. Soc., 1932, 95) ~  . 


= P ya Z=30nNyo, /2M, x(M,+Ms)/Ms, - 


where Ms is the molecular weight of the solvent (water), M, that of the 
alkyl iodide and other terms have their usual significance. As the effective 
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composition: of the solvent is only 10% alcohol, Ms is taken as the 
mol. wt. of water. The Arrhenius energy of activation has been corrected 

_for the viscosity factor, Rb in the relation E=E, + Rb (cf. Andrade, Nature, 
1930, 125, 3090). Within the range of 50° and 60° the temperature coeffi- 
cients of the viscosity*of alcohol and water are not very different so that 
the values of water are used for correcting the Arrhenius energy of acti- 
vation. *This effect in all cases is to increase E, by 3,425 calories. So the 
theoretical velocities given below are corrected for this viscosity factor. 
As the Arrhenius equation is not accurately obeyed (vide, Telang, ‘Thesis, 
Bombay University, 1939) the critical increments have been calculated 
from the values of the velocity constants at two temperatures only, viz. 
50° and 60°. 





Tasre Il. 

Be SB a c ee eal 

Alkyl ggf 7 82 dQ #3 Z ger poze 

iodide, a3 4 ‘ont a £8 Eg E 3 g § R calc, 

ggizo £8 8 £ oS 8En 

Mehyl ‘60 2°57, t1gxrto® 44qxro3 20,120 66x08 = o'26 x 1072 
Ethyl 100 2’sx - 192 989 ,, 19,650 7'0 0°20 x 107" 
n-Propyl 54 2°09 104 , 456 15,700 7'°5 0 23 x 107€ 
n-Butyl 8 2.00 15 212 x 10+! 14800 7'7 0'20 x 1077 
isoPropy} 356 _ 2°87 683 gobx3z0°6§ = 22,500 7 6 0'75 
tertButyl 68 4°27 130 244x10710 40,970 8'r 0°53 x 104 


The relative chemical reactivities of isobutyl, sec-butyl, n-amyl and 
isoamyl are 151, 19, 13 and 35 respectively. Bo aay 


DISCUSSION. 


The velocity of the persulphate-alkyl iodide reaction increases with 
dilution up to at least v= 160, and the velocity at a dilution v=xz60is about 
six times faster than (k,) calculated for unit molar concentration. 
From a graphical representation of the dilution effect, it is evident 
that the most suitable dilution required for comparable results is 
v=50, as this dilution is sufficiently great without causing much 
inconvenience regarding the bulk of the reaction mixture to be handled, 
Examining the values of the velocities with water as well as 50% 
alcohol it is obvious that the presence of alcohol retards the reaction rate 


- 
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whereas water accelerates it. We do not yet attempt to explain the 
mechanism of the dilution effect. . 

Since the probability factor P, for the normai alkyl iodides is less than : 
unity, the reaction is classed as a “ slow ’’ unimolecular reaction. A close 
examination of Table II reveals that the P factor decfeases as the critical 
alkyl iodide iincrement H, decreases. This concurrence shows that the slow- 
ness of the persulphate-alkyl iodide reaction is to be ascribed exclusively to 
the increase of the energy of activation necessary. for the oxidation of the 
alkyl iodides by potassium persulphate. ‘These results are analogous to 
those in some cases of quaternary salt formation (Winkler and Hinshelwood, 
J. Chem. Soc., 1935, 1147). The change from methyl to ethyl results in no 
alteration in P, but there 1s a marked fallin P from methyl to n-propyl 
iodide; further, the change from n-propyl to »-butyl produces a slight 
alteration in P. “These observations are in fair agreement with the general 
hypothesis that in a series of straight-chain compounds, beyond the 3rd or 
4th addition of CH» group, the effect on P is relatively unimportant. Yet, 
the variation in the Arrhenius activation energy ‘is observed to decrease by 
about 5000 calories in passing from methyl to n-butyl iodide. 

, The order of relative chemical reactivities of alkyl] iodides in this 
reaction runs almost parallel with that in the reaction with silver nitrate 
(Burke and Donnan, loc. cit.). Further, these data show the greater ten- 
dency of the cleavage of iodine from secondary compounds and still more 
from tertiary compounds , iso-compounds, however, are the most reactive. 
The differences between the primary and secondary compounds may be 
real or they may be due to a different mechanism being operative (cf. Conant, 
Kirner and Hussey, J. Amer. Chem. Soc., 1924, 46, 232; 1925, 47, 476, 488). 


One of us (M. S. T.) wishes to thank Messrs. B. V. Mohilé, 
and M. V. Nabar for their vaiuable help during the progress of this 
work. 
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BIOLOGICAL VALUE OF THE PROTEINS OF BENGAL FISH 


. By K. C. Sawa. 


The biological values of three different varieties of fish, which are commonly can- 
sumed, namely, chingri, singhi (Saccobranchus fosstlis) and Air (Arius arius) haye 
been investigated by the growth method. From the results it appears that the b:o- 
logical values of chingri, shinghi and air at 5 and 10% levels are superior to that of 
casein. Compared among themselves, air is superior to both chingri and shinghi at 5% 
levels, while at 10% levels they are all approximately equivalent. 


As fish constitutes an important article in the daily diet in Bengel, 
itis desirable to determine the biological value of the proteins of the 
different varieties of fish, which are commonly consumed. In the preseat 
communication investigations of the three varieties, viz., chingri, singhi 
(Saccobranchus fossilis), and air (Arius arius) are reported. ‘The .biological 
values of the proteins of these fish were determined by the growth of 
young rats. When this work was ready for the press, a paper was publishad 
by Basu and Gupta (J. Indian Chem. Soc., 1939, 16, 543), in which figures 
for the biological value of shinghi and air proteins were given. Théir 
results are discussed later. 


EXPERIMENTAL, 


Prior to the biological assay, the fish samples were analysed with 
reference to their moisture, total nitrogen, ash and fat contents ay 
the methods described by Saha and Guha (Indian J. Med. Res., x90, 
26, g21). 


Tass I. 


Percentage composition of the fish used as sources of protein. 


* Bengali Zoological Moisture. Fat, Total Protein. Ash, 
name. name. R nitrogen. 
Chingi - = 73 76 : a ie 
. Singhi Saccobranchus 68 06 3°6 22°8 9 
fossilis = 
Air Arius arius 78° 13 25 159 rs 


-The tests were carried out with young albino rats in separate cages 
with screened bottoms essentially by the method used by Boas-Fixsen, 
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Hutchinson’and Jackson (Biochem. J., 1934, 28; 592) and by Basu; ‘Nath 
and. Ghani (Indian J. Med. Res., 1936, 28, 811). Each diet consisted of 
cane.sugar (7°5 %), olive oil (12'0 %), cod-liver oil (2'0 %), Steenbock’s 
salt mixture (No. 49) (4°0 %) and calcium carbonate (1'0 %).. The fish 
meal (prepared, by mincing, drying at 40° and powdering) was incorporated 
at such levels in the diets on the basis of their analytical figutes (Table _1) 
that they constituted protein levels of 5, 10 and 15% of the diets. 
The differences in the fish meal levels were made up by proportionately 
altering the starch contents of the diets. Four rats weré kept on each diet. 
o5G. of yeast was fed to each rat once a week as a source of vitamin B- 
complex. It supplied a negligible fraction of the total nitrogen and 
hence was not taken into account. The actual experimental period for 
which records were taken began from the and week and lasted for 5 weeks, 
The biological values were then calculated from the ratio of the total protein 
iftake to the total gain im body weight in five weeks. For comparison, 
two rats were kept on normal diet consisting of whole wheat and milk, 
supplementéd occasionally by cod-liver oil, and six rats were kept ona 
synthetic diet containing 5, ro and 15 % of casein. The data on growth, 
protein-intake and biological values with different fish meals are summarised 
in Table Il. , . t : 


DISCUSSION. 


The mean biological values of chingri, air, singhi and casein at 5, 10 
and 15% protein levels are summarised in Table ITI. 


25 - > 


TABLE Wl. ‘ 
ocd Biological values. 
Protein, At 5% level. At 10% level. ~ - At 15% level. 
Air 2027 : 1°94 a Wek 1°56 
Singhi 2-09 2°07 202 
Chingri Igo 2°00 , 1-38 
Casein _ 1-67 166 


From the above table, it is clear that the biological values of chingri, 
singhi and air at 5 and 10% protein levels are superior to that of casein. Com- 
pared among themselves, air is superior to both chingri and shinghi at 5% 
levels, while at 10% levels they are all approximately equivalent. With 5% 
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casein diet, the rats did not show any appreciable growth. Taking growth 
as the criterion of biological value of.a protein, casein appears, therefore, to 
be inferior to the proteins of -chingri, singhi and air at 5% protein levels. 

As the proportion of protein goes up in the diet, hqwever, the biological 
values approximate toone another. On the whole, all these fish proteins 
are high-class proteins, singhi having the highest biological value at 10 
and 15% protein levels. In the paper of Basu and Gupta (loc. cit.) con- 
cerning the biological values of the proteins of some species of fish, the 
authors gave the values r'°97 and 1°84 for air and singhi respectively at 15% 
protein levels in the diet. In our experiments they are respectively 1°56 
and 2’°02. ‘The differences may be due to differences in season or source or 
variety, but ail the figures indicate first-class proteins. 


With all the sources of protein under investigation, except chingzi, it 
is found that the biological value decreases as the concentration of protein in 
the diet increases. But it is interesting to note that in the case of chingri, 
the biological value at first increases from 1’g to 2’00 as the percentage of 
protein in the diet increases from 5 to ro and then the value decreases from 
2°00 to 1°38 as the concentration of protein increases from 10 to 15%. 
Osborne, Mendel and Ferry (J. Biol. Chem., 1919, 87, 223) record observa- 
tions showing that the biological value may reach a maximum at a certain 
protein level and then decline. The chingri, however, is not a fish and may 
conceivably differ in the above respect from the fishes investigated. The 
subject, however, deserves further study. 


My best thanks are due to Prof. B. C. Guha, ‘for his kind interest and 
advice and also to the Indian Research Fund Association for a research grant. 
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CHEMOTHERAPY OF BACTERIAL INFECTIONS. PART I. 
SUBSTANCES RELATED TO SULPHANILAMIDE. SYNTHESIS 
OF P-AMINOBENZYLSULPHONAMIDE ‘AND ITS 
DERIVATIVES 


By P. L NARASIMHA Rao. 


p-Aminobenzylsulphonamide and its derivatives have been prepared for pharmao- 
fogical study with a view to throwing further light on the relation between chemical 
constitution and antistreptococcal action as well as the mechanism of chemoth2ra- 
“ peutic action of sulphanilamide drugs. 


The specific antistreptococcal action of the red-dye, prontosil 
(hydrochloride of  4-sulphamido-2’:4'-diaminoazobenzene (I, R=, 
(Domagk, Deut. Med. Wschs., 1935, 64, 250; Z. angew. Chem., 1935, 48, 657; 
Klin. Wschr., 1936, 15, 1585), and the striking therapeutic effect of <ke 
previously knows simpler compound, sulphanilamide, (II, R=R/=H) end 


many of its derivatives of the type R-NH< >80aR’ in various tac- 


R ~ - 
nN YNNC  SOsNHo RHNG SSO.NHR’ 
NH» 
(I) (II) 


terial infections have stimulated widespread interest and renewed 
activity in chemotherapy of infectious, disease. Thus there have 
come into medical practice a host of sulphanilantide derivative Hke 
prontosil sol (III), rubiazol (I, R=CO.Na), septazine (IJ, B= 
CgH5CHe; R’=H), soluseptazine (IV) for use in cases of erysipe us, 
strept. angina, ptterpeural sepsis, strept. meningitis, etc. Apart from thess, 


MeCO'NH/” Ara S02NH2 


fe wo SO,Na 


(III) 
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< > ~ CH. CH-CH-NHC >SOgNHy 


SO3;Na SO3Na 


(IV) 


sulphanilamide drugs have also been used with success in the treatment 
of coli infections of genito-urinary tract (due to B. coli and Proteus 
antmoniae) and in that of pneumococcus and meningoccus infections. 
Some sulphanilamide derivatives containing substituted residues in the 
sulphonamide group are shown to be active in the staphylococcal, 
anzerobic and above all in gonococcal infections. Of these compounds 
uleron (Baeyer), 4-(4/-amino-benzene)- sulphonamidobenzenesulphonyi 


dimethylamina (Il, R=H; R’= — ¢ »>SO,NMes) and albucid (Schering) 


(II, R=H ; R’=COMe) find favour in the treatment of gonorrhoea. 


; NHoe 
HoN < . >s0aNH s. (} | 
(Sie nSO2NHe,’ 
(Vv) (VI) 


Perhaps the greatest achievement in this line lies in the discovety of sulpha- 
pyridine (V) (M. and B. 693 ; Dagenan) for the treatment of pneumococcal- 
pneumonia and to lesser extent also meningitis staphylococcal septicemia, 
chronic meningococcal septicemia, subacute bacterial endocarditis and also 
pempligus. . 
It is clear from the foregoing that researches in this branch: of 
chemotherapy are’ progressing on two main lines namely towards the 
preparation of (i) drugs more effective and less toxic than sulphanilamide, 
and (ii) drugs effective in bacterial and virus infections in which sulphanil- 
amide and its derivatives fail. eis “> 
This investigation has been undertaken with the object of following the 
course of the above two lines. Firstly it is intended to prepare new type 
of compounds but closely related to sulphanilamide and test their therapeutic 
action against bacterial infections especially against those not responding 
favourably with known drugs. It is also proposed to prepare some new 
derivatives of sulphanilamide likely to possess antibacterial activity. 


ES 
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vere 
|. CHEMOTHERAPY Of BACTERIAL INFECTIONS 229. | 
‘ \ 
Till now most of the drugs employed for the ‘treatment of bacterial - 
infections contain sulphur and all the recent drugs of sulphanilamide group 
possess sulphur residues directly attached to the benzene nucleus. However, 
Buttle and his collaborators (Biochem. J., 1938, 82, 1101; cf. Marshall, Phy- 
siol. Rev., 1939, 19, 240) state that 4:4/-dinitrodiphenylmethane, 4:4’-dinitro- 
diphenyl] oxide, and 2:2'-dinitro-4: 4'-diaminodiphenylmethane possess some 
activity and Bittenbunder and Degaring (J. Amer. Pharm. Assoc., 1939, 28, 
515) recently report bacteriostatic effect of para-substituted phenyl. 
acetic acid derivatives on staphylococcus aureus and E.coli in vitro. 
In the light of these observations it was thought of interest, in the first 
place, to ascertain what bactericidal activity the compounds of the type 
(VI) having an aliphatic side-chain between the benzene nucleus and the 
sulphamido group possess and so p-aminobenzyl sulphonamide and some 
of its derivatives have now been prepared. 


Marshall (loc. cit.) states ‘“‘little or no activity is found 
in mononuclear compounds in which......... the sulphonamide group 
(is replaced) by groups not yielding a sulphonic acid on oxida- 
tion.’ This statement may be ‘of special significance since it is becom- 
ing known that oxiddtion products of sulphanilamide (Shaffer, Science, 
1939, 89, 547) are-the real therapeutic agents in vivo. Hence it is 
_evidently desirable to ascertain how the greater facility of oxidation of the 
sulphonamide group in p-aminobenzylsulphanilamide as compared to that in 
sulphanilamide, augments the activity of the latter. It is with this object 
in view astudy of the oxidation potential of p-aminobenzylsulphonamide 
under conditions similar to those employed for sulphanilamide, is being 
actively pursued. ‘The results of physico-chemical and the pharmacological 
experiments will be published in due course. 


EXPERIMENTAL ~ e 


Sodium p-nitrobenzyisulphonate was conveniently prepared by the 
following modification of the method outlined in D. R. P., 55,138 (Frdl., 0, 
386; cf. Purgotti, Monti and Designs, Gazzetta, 1900, 30, 247; Ingold et 
al., J. Chem. Soc., 1927, 813). 


A mixture of p-nitrobenzyl bromide (21-6 g.; chloride, 17-2 g.), 
anhydrous sodium sulphite (12°6 g.), water (100 c.c.) and alcohol (300 c.c.) 
was boiled under reflux till a fairly clear solution was obtained (6 hours). 
Alcohol was then removed- by distillation and the solution after filtering 
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from a little tar, was concentrated to about 50c.c. The sodium salt of the 
sulphonic acid that crystallised out was separated and recrystallised from 
alcohol, yield 20 g. 


p-Nitrobenzylsulphonyl Chloride and Amide.—The acid chloride (Ingold, 
loc. cit ) was purified by crystallisation from benzene-ligroin mixture. The 
amide (Mohr, Annalen, 1883 224, 218) was conveniently crystallised from 
dilute pyridine. 


p-Aminobenzylsulphonamide was obtained by the reduction of the. 
above nitrosulphonamide with ammonium sulphide or tin and hydrocloric 
acid, In the first method a mixture of the nitro compound (x0 g.), 
alcohol (roo c.c.), water (50 c.c.) and liquor ammonia (30 c.c.) was 
saturated with hydrogen sulphide and then gently boiled for 1 hour 
under reflux. This procedure was repeated thrice adding more liquid 
ammonia, till the whole nitro compound went into solution. The 
product was then boiled with a little more water for a few minutes 
and concentrated after neutralisation with hydrochloric acid and filtra- 
tion of the precipitated sulphur. On making the solution ammoniacal, 
the amino compound, m.p. 168°, separated in pale yellow powder which 
was recrystallised from hot water (charcoal) to which a few drops of 
ammonia were added to remove the persistent yellow colour, yield 54g. 
(Found: N, 15'1; S, 17°2. C;H,,O.N.S requires N, 15°05; S, 17°20 
per cent). 


Reduction of the nitro compound with tin and hydrochloric acid in tbe 
usual way proceeded more smoothly and the yield of thé amino compound 
was invariably better. Itis easily soluble in hot water and pyridine, fairly 
in alcohol and difficultly in other usual organic solvents. -Its solutions in 
dilute acids are pale yellow and its diazotised solution coupled easily 
with B-naphthol. 


The amine rapidly turns yellow on exposure to air and its solutions 
often acquire a characteristic pinkish yellow colour on standing exposed to - 
air and light. This is perhaps significant in the light of the statements of 
Shaffer about the oxidation products of sulphanilamide. 


The acetyl derivative crystallised from hot water in colourless stout 
prisin-like crystals, m.p. 212°. (Found: N, 12‘2- C.H,.0,N.8 requires'N, 
12°32 percent). The valeryl derivative was obtained as colourless leaflets, 
m.p. 188-89°. (Found : N, r0'5. CisHisOsN.S requires N, 10°33 per cent) 
and the caproyl derivative as silvery-white plates, m.p. 192-94°. - (Found: 
N, 9.9. CisH2oOsN,S requires N,-9°86 per cent). They were both prepared 
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by the, action of the respective acid chloride on the amine in pyridine 
solution and crystallising the products from dilute alcohol. 


The benzoyl derivative, prepared in a similar manner, was sparingly 
soluble in many of the usual solvents and crystallised from alcohol in muicro- 
scopic crystals, m.p. “230-31°. (Found : N, 9°5. Ci4Hi,03N,5 requires N- 
9'66 per cent). a ff a Pred 

‘The following derivatives substituted at the amino group of the above 
compound were prepared by condensing together equimolecular quantities 
of p-nitrobenzylsulphonamide and the appropriate amine in benzene 
solution in presence of pyridine, and the resulting nitro compounds were 
then reduced. 5 


-  p-Nitrobenzylsulphanilide crystallised from pyridine, m.p. 130-31°- 
(Found : N, 9°8. C,sH,,0,N.S requires N, 9°59 per cent). 


p-Aminobenzylsulphanilide.—To a mixture of the above nitro com- 
pound (5 g.), granulated tin {10 g.), hydrochloric acid (20%, 30 ¢.c.) was 
added gradually with shaking and the product heated on a water-bath till the 
nitro compound went into solution. It was then diluted, filtered and freec. 
from tin -by precipitating it as tin sulphide. The concentrated filtrate 
deposited colourless feathery needles, the hydrochloride of p-aminobenzyl- 
sulphonanilide melting at 168-70° (decomp.). (Found: N, 94. Cy;H,,02N25. 
HCI requires N, 9°05 per cent). The hydrochloride was dissolved in water 
and made just anmoniacal whereupon the free base separated out. It was 
recrystallised fiom water in colourless plates, m.p. 172-73°. (Found : N, 10°7. 
CisH,,02N.5 requires N, 10°73 per cent). 


p-Nitrobenzylsulphonyl-2-aminopyridine.—p Nitrobenzylsulphony] chlo- 
ride (48 g.) in benzene (20 c.c.) was gradually added under shaking to a 
solution of 2-aminopyridine (4°5 ¢.) in benzene (20c.c.). The separated 
solid was filtered, washed with a little water and benzene and crystallised 
from pyridine. The nitro compound separated in colourless stout prisms, 
M.D. 214-15°, sparingly soluble in many of the ordinary solvents, (Found: 
N, 14°3. > Cy2Hi,04N5S requires N, 14°33 per cent) 


p-Aminobenzylsulphonyl-2-aminopyridine.— The reduction of the above 
nitro compound did not proceed satisfactorily with ammonium sulphide 
due to its low solubility. It, was, however; reduced by sodium sulphid2 
or tin (only a slight excess of tin used) and hydrochloric acid. It was a 
pale pellow, miciocrystalline powder, crystallising from hot water, m.p. 
1 5-90° after softening at about 120°. (Found: N,15’9. C.,Hj,0.N3S 
requires N, 16’0 per cent). 
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N-(p-Nitrobenzylsulphonyl)-sulphanilamide.—Sulphanilamide (1°72 g.) ” 
and p-nitrobenzylsulphonyl chloride (2°4 g.) were ground together and the 
- orange-red product was heated in pyridine for a few minutes. It was then 
neutralised by adding dilute acid and the separated solid was purified by 
thrice crystallisation from acetic acid, m.p. 199-200°. (Found : N, 11°3. 
CisH1,0.N3S. requires Nj 11°32 per cent). It is very soluble in ‘acetone 
and pyridine, moderately in alcohol and acetic acid, aie sparingly in hot 


‘ . water. 


N-(p-Aminobenzylsulphonyl)- sulphanilamide was obtained by the 
_reduction of the above nitro compound by means of tin and hydrochloric 
" acid similar to the method already described. ‘I'he hydrochloride crystallised 

from alcohol, m.p. 175-80° (decomp ) and the free base was obtained by 
decomposing it with dilute ammonia and crystailising it from hot water. 
It melts at 162-65° after softening. (Found: N, 32 ‘0. CisHisO.N2S, requires 
N, 12°32 per cent). ; 

Di-p-Nitrobenzylsulphonamide was obtained by heating two molecules 
of p-nitrobenzylsulphonyl chloride with just the quantity of ammonia or 
by grinding together with the required amount of ammonium carbonate It 
was crystallised from dilute alcohol in big prismatic plates, m.p. 268° 
(decomp.) readily soluble in water (Found : N, 9'9. CisHisOeNsSy requires’ _ 
N, 10°12 per cent). 

Di-p-aminobenzylsulphonamide was prepared by reducing the sabove 
nitro compound by means of sodium sulphide (2 mols.) in the usual inanner, 
or by tin and hydrochloric acid when a crystailine hydrochloride of the 
substance was obtained (the reaction was carried out in a similar manner 
to that’described for the preparation of -aminobenzylsuiphonanilide). It 

- decomposed without melting at about 275° and yielded-the free amino 
compound when just neutralised with ammonia. The free diamino com- 
pound crystallised from hot water in almost colourless needles and 
decomposed without melting. (Found: N, 1r°6. C,4H.,0,N,S. requires 
N, 11°83 per cent). 

I wish to express my sincere gratitude to Prof. P.C. Guha, D. Sc., - 
F.N.I., for his kind interest in this work, and to the Lady Tata Memorial 

- Trust for the award of a scholarship which has enabled me to take up this 
investigation. ‘ 
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STRYCHNINE AND BRUCINE. PART V. SOME DERIVA- 
TIVES OF DINITROISOSTRYCHNIC ACID. 


By Rarat Husain SrIppigvr. 


‘ 


Dinitroisostrychnic acid is monobasic in character, and it furnishes metby], ethy] and 
propyl esters which give crystalline salts. The methiodide of the methyl ester gives 
N-(b)-methyldinitroisostrychnic butaine and the ethyl ester yields by the action of 
hydrazine hydrate besides a normal hydrazide, two other products of the composition 
CoH OgN5,H 0 and Co) Hy303Ns, $H20. 


In Part III of this series dinitrostrychnic acid was prepared by the 
action of 5% nitric acid on strychnine and this was treated with 1% potas- 
sium hydroxide and piperidine in order to obtain an insight into the 
orientation of the molecule and a definite information regarding the state 
of combination of the 2-carbon atom of the indole nucleus. It seemed that 
by this treatment dinitrostrychnic -acid might suffer hydrolytic fission 
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between N(a) and the aromatic nucleus and thus offer a means of determi- 
ning whether the C atom attached to N(a) is secondary or tertiary. By | 
_ the action of aqueous alkali on diuitrostrychnic acid, a product is obtained 
which is considered for some time to be an isomer of the acid or the salt 
of the phenol after cleavage had occurred in the molecule. To decide this 
it was necessary to examine dinitroisostrychnic acid by comparing some 
of its derivatives with those of dinitrostrychnic acid. The present investigs- 
tion shows clearly that alkali treatment does not produce an isomer. ‘The 
methyl, ethyl and propyl esters and their salts are not identical and one 
interesting thing in the melting points of the esters is observed. The 
melting points of the esters of dinitrostrychnic acid rise from methyl, 
ethyl to propyl, while the m. p. of the isomer gdées down likewise as the 
following table shows, ; 
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Esters of dinitrostrychnic acid. Esters of dinitrofsostrychnic acid. 
mp. m.p. 

Methyl ester see 2E0-21r° Methyl ester vee 225° 

Ethyl ester ve 226° Ethyl ester vee 195° 

Propvl ester « 246° Propyl ester* . r18-22° 


The action of hydrazine hydrate also differs on the two acids. In the 
case of dinitrostrychnic acid normal hydrazide is obtained, while the isomer 
gives besides anormal hydrazide, two other products of the composition 
Cy1H230.6N;,H,0 (m.p. 221°) and C.,H.30;N;,tH2O0 (m.p. 161°). The action 
of piperidine on ethyl ester does not produce any change and the ester is 
recovered quantitatively, while nitrous acid gives only a nitrite. The methyl 
ester follows the normal course in giving N(b)-methyldinitrostrychnic- 
betaine via methiodide and chloride. All the esters and their derivatives 
give well defined crystalline salts. 


EXPERIMENTAL. 


Methyl Dinitroisostrychnate.—A_ mixture of dinitroisostrychnic acid 
nitrate (2 g.), prepared as mentioned in part IV of this series, methyl alcohol 
(so c.c.) and concentrated sulphuric acid (2-5 c.c.) was kept gently simmering 
over a free flame for 7 hours when the substance gradually dissolved to an 
orange-red solution and was then boiled down to 8c.c. On adding a few 
drops of acetic acid methyl dinitroisostrychnate crystallised in long needles. 
Its acetic acid solution on basification with sodium carbonate (the brownish 
yellow impurities neglected) gave a bright yellow precipitate which was 
dissolved in chloroform. ‘The solution was washed with water, dried over 
anhydrous sodium sulphate and concentrated to5c.c. On adding methyl 
alcohol to the solution methyl dinitroisostrychnate was obtained in dull 
yellow prisms. It dissolves readily in chloroform, sparingly in methyl and 
ethyl alcohol and (is insoluble in ether and petroleum ether. It crystal- 
lised from ethyl acetate, benzene and acetone in prisms, m.p. 225° (soften- 
ing at 218°). On drying in vacuo at 100° it suffers no loss in weight and 
shows the presence of one methoxyl group. (Found in anhydrous 
material: C, 57-5, 57°5; H, 5-3, 5-4; N, ra-1, 12:0; OMe, 8-0. C..H2,0,N, 
requires C, 57-9; H, 5-3; N, 12-3 ; OMe, 7-0 per cent). 

The sulphate (needles) dissolves in hot water and sparingly in ethanol. 
It chars at 280-90°. (Found in materia] dried at 100° in vacue: 
C, 47-0; H, 5-4; OMe, 4-0. C,:H..O;NsH.SO,, #H.0 requires C, 46-7 ; 
H, 5-0; OMe 5-5 per cent). 
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The hydrochloride, obtained as long prisms by adding hydrogen 
chloride in ether to a chloroform solution of the base, is soluble <n 
methanol. Tt chars at 225-35° (softening at 194°). (Found in material 
dried at roo° in.vacuo: Cl, 6-5.: Co,H..O;N,,HCl requires Cl, 72 
per cent). - . : . 


The picrate, obtained as'a bright yellow flocculent mass by adding 
ethereal picric acid to a chloroform solution of the base, turns into a brigkt 
yellow powder on boiling with methanol. It is sparingly soluble ia 
alcohol and water, m.p. 259° (decomp.). 


The methiodide.—To methyl dinitroisostrychnate (0-5 g.), dissolved ia 
dry chloroform (x5 c.c.), methyl iodide (0-5 g.) in chloroform (ro c.c.) was 
added and from the clear orange-red solution a sticky reddish product 
separated. ‘The reactants were left well corked overnight at room tempers- 
ture when the mass crystallised in thin needles. After adding ether-th= 
crystalline methiodide was collected and washed with chloroform and ether. 
It is soluble in ethanol and water, m.p. 276-80° (decomp.). After drying 
at 100° in vacuo it suffered no loss in weight, and showed the presence of on2 
methoxy] and one N-methyl group. (Found in anhydrous material: 
C, 46:4; H, 4-9; N, 9°33 OMe, 5-0; NMe, 4:8;1, ar-r. CooHe4O,Nu,Me- 
requires C, 46:2; H, 4:5, N, 9:4; OMe, 5:2; NMe, 4:8; I, ar-s 
per cent). 


N(b)-Methyl Dinitroisostrychnic Betaine.—An aqueous solution of the 
methiodide, when treated with freshly precipitated silver oxide, turned red 
The filtered solution on concentration turned yellow and deposited this 
needles of the betaine which were collected and washed with a little water 
and alcohol. It is soluble in hot water but insoluble in ethanol and other 
common organic solvents and does not melt below 325°. It showed the 
presence of one N-methyl group and was free from methoxyl group 
(Found in material dried at 100° in vacuo: C, 55:0; H, 5-2; N,z1-0: 
NMe, 5°8. CuysH.sO,N., 1$H.0 requires C, 54:5; H, 5:8; N, 11-6: 
NMe, 6-0 per cent). 


The picrate, prepared in aqueous solution as pale yellow mass, turns 
into closely packed bunches of needles on rubbing with methanol. It is 
soluble in warm alcohol and water and gradually decomposes at 259°. 


Ethyl Dinitroisostrychnate.—Dinitroisostrychnic acid was _ esterifiec 
with 5% ethyl alcoholic sulphuric acid. Addition of ether deposited ethy! 
dinitroisostrychnate sulphate in short stout prisms. A further yield was 
obtained from the filtrate after removal of the solvent, The sulphate was 
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converted into ethyl ester base and its chloroform solution on concentration 
and addition of ethanol precipitated the ester in cubes. It also crystallises 
from ethyl acetate, acetone, benzene and ethanol in prisms and is insoluble 
in ether and petroleum ether, m. -p. 195° (softening at 192°). After drying 
- at too® it was analysed and showed the presence of one OEt group. 
[Found: C, 581; H, 6-1; N, 11-5; OEt, 11-0. CysHyO,N, requires 
C, 58-7; H, 5-5; N, 119; OEt (for x), 12-1 per cent]. : ; 

The sulphate is easily soluble in water and dissolves sparingly in 
ethanol. It crystallises from dilute alcohol in prisms which decomposed 
at 250° (frothing at 150°). 

The hydrochloride, obtained in prismatic plates by adding ethereal 
hydrogen chloride to a chloroform solution of the base,is soluble in 
alcohol and water and gradually decomposes at 247°. 

The picrate, prepared in ether-chloroform solution as bright yellow 
flocculent mass, on washing with a little chloroform and methanol turned 
into pale yellow needles, soluble in alcohol and water, m. p. 261° 
(decomp). ° . 

Action of Piperidine on Bikol Hessieera ede ~——Ethyl dinitro- 
isostrychnate (0-6 g.) was refluxed in dry dioxan (60 c.c.) with piperidine 
(x g.) for 4 hours. ‘The red solution on dilution with water gave a floccu- 
lant precipitate (o-5 g-) which on recrystallisation had m.p. 153-55°. ' The 
filtrate further gave a crystalline product (0-05 g.), m.p. 168°, but neither of 
the two fractions gave any depression with the original substance, and thus 
they appear to be its hydrates. 


Action of Nitrous Acid.on Ethyl Dinitroisostrychnate.—To ethy] dinitro- 

. isostrychnate (0-6 g), dissolved in hydiochloric acid (15 C.c., 10%), a solu- 
tion of sodium nitrite ina few drops of water was added with i ice cooling 
and shaking. On leaving the mixture well corked. overnight the nitrite of 
the ester separated in lemon-yellow needles which on recrystallisation 
melted at 198-99°. (Found in material dried.at 100° in vacuo: N, 12°68. 
CosH1s07N.,HNO.3H20 requires N, 13-1 per cent). The base from this 
crystallised in rectangular plates and frothed up at 154-55°. ‘The mixture 
with the original substance also frothed up at the same temperature. The 
base was the hydrated form and showed the presence of 1 OEt group. 
(Found in an undried sample: C, 56-2; H, 56; N. x13; OEt, 80. 

C.3H2,07N.,H,O requires C, 56-6 ; H, 5°7; N, 11°5; OEt, 9-2 per cent). 

” Bromination of Ethyl Dinitroisostrychnate.—The ethyl ester (0-5 g.) 
was dissolved in dry chloroform (zo c.c.) and to this bromine (02 g.) in 
chloroform (3 c.c.) was added dropwise under ice cooling. On adding ether 
to the solution a yellow substance separated which crystallised from 
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methanol-ether mixture in hexagonal prisms, m.p. 200-1°. (Found in an 
undried sample: Br, 166. Found in material dried at 100° in vacuc: 
C, 47°23; BH, 5:1; N, 9°63; Br, 166. C2zsH2.07N.Br,2H,0 requires C, 47'2; 
H, 5c; N, 9°6; Br, 13°7 per cent). It was macerated with ammonia andl 
its so.ution in chloroform after washing and drying gave a sticky residue 
which could not be induced to crystallise and was, therefore, precipitated 
with sther in acetone solution. The powder so obtained was soluble in 
alcohcl, acetone and chloroform and gradually melted at 180°. (Found 
in an undried sample: C, 504; H, 52; N.go; Br, 145; OEt, oz. 
C.5H.507;N,Br requires C, 50°3; H, 4°5; N, r0°2 ; Br, 14°6 OEt, 9°6 per cent . 

Action of Hydiazine Hydrate on Ethyl Dinitroisostrychnate—Ethrl 
dinitroisostrychnate (4 g.) was dissolved in butyl alcohol (50 c.c.) and on 
adding hydrazine hydrate (7 g.) the orange solution turned red. It wes 
refluxed for 45 minutes, when a solid separated after 15 minutes. It wes 
allowed to cool and the crystalline mass collected (3 g.). A further yield (0.5 
g.) was obtained on adding acetone to the concentrated solution. ‘The com- 
bined crystalline solid was dissolved in methanol when a portion remained 
undissolved (A). ‘The alcohol-soluble fraction gave a further small yie'd 
of (A) besides a crystalline solid which could be separated into aceton2- 
insoluble (B) and acetone-soluble (C) fractions. 

Fraction (A): Dinitroisosirychnic Hydrazide—It was dissolved n 
methanol under reflux and from the solution on cooling the hydrazide 
separated as a crystalline mass, insoluble in acetone, benzene, eth,l 
acetate, ether and chloroform and did not melt below 280° and showed 
the absence of ethoxyl group. (Found in material dried at 100° in vacuc : 
C, 547; H,57; N,17°5. CoiH2.0.N..NH'NH;, 4H,0 requires C, 54'€ ; 
H, 54; N, 18x per cent). : 

fraction B —This was easily soluble in cold methanol and on adding 
acetone crystallised in prisms, insoluble in ethyl acetate amd 
benzene and frothed up at 221° (loss at 100°, 7-6% ; 2H.O requires 7°34 
percent). (Found in material dried at 100° in vaéuo: C, 53°50, 53.3 
H, 57, 5°7; N,15°5. Ca:HesOsNs, HO requires C, 549; H, 5°5; N, 163 
per cent). The picrate was obtained in glistening plates, m.p. 225-35° 
(frothing). ~ 

Fraction C.—This was crystallised from methanol in prisirs, 
soluble in chloroform, ethy! acetate, benzene and frothed up at 160°. It 
was free from ethoxyl group and after drying at 100° in vacuo Icst 
45% HO (theory requires 42%). (Found in dried “ materiad : 
C, 5723 H,57; N, 174. CaH.s0sNs, 7H20 requires C, 575; H, 55; 
N, 15'S per cent). The picrate, prepared in methanol-ether solution, melted 
at 225-35° (decomp.) (frothing at 178°). 
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Propyl Dinitroisostrychnate.—Propyl dinitroisostrychnate was also 
prepared ina similar fashion; the base crystallised on the addition 
of propyl aicohol to its chloroform soiution as prismatic needles, 
m.p. 118-22°. After drying in vacuo at 100° it suffered no loss in weight. 
(Found : C, 58:0; H, 65; N, 113. CoHosO7N.,$H2O requires C, 584; 
H, 5°90; N, 11°4 per cent). 

The sulphate was sparingly soluble in water and alcohol and was re- 
crystallised from the former in needles, m.p. 247-48° (decomp.). The 
hydrochloride, prepared in chloroform-ether solution as a sticky mass, 
crystallised from ethanol in needles, m.p. 225° (frothing) and was sparingly 
solubie in water. The picrate, obtained asa pale yellow powder, was very 
sparingly soluble in alcohol and water and had m.p. 241-44° (decomp.) 

‘The author wishes to express his sincere thanks to Professor Sir Robert 
Robinson, Kt., F.R.S. for his advice and encouragement throughout this 
investigation and to the Trustees, Dawoodbhoy Fazalbhoy Muslim Educa- 
tional Trust, Bombay, for the grant of an educational loan which enabled 
the author to take part in this work. 


The micro-analyses were done by Drs. Weiller, Strauss and Miss 
Martin. 
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KOSTANECKI-ROBINSON REACTION. PART I. ACETYLATION 
OF ORCACETOPHENONE AND ITS MONOMETHYL ETHER. 


By S. M. Serana and R. C. SHAH. 


Kostanecki acetylation of orcacetophenone and its monomethy] ether gives 4-substi- 
tuted-C-acylecoumarins. Orcacetophenone on acetylation gives 7-acetoxy-4-acetomethy!- 
5-methylcoumarin which on treatment with concentrated sulphuric acid vields 7-hydroxy- 
4-acetomethyl-5-methylcoumarin and the latter on treatment with alkali gives-7-hydroxy- 
4: 5-dimethylcoumarin, identical with the product obtained on decarboxylation of the 
Pechmann condensation product of p-orsellinic acid with ethyl acetoacetate. 


Kostanecki reaction, which consists in heating o-hydroxyketones. witk 
the sodium salts of fatty acids and anhydrides gives either coumarins or 
chromanes or a mixture of both depending on the ketone, the anhydride anc 
the salt used (Wittig, Bangert and Richter,” Annalen, 1926, 446, 153: 
Bargellini, Atti. R. Accad. Lincei, 1925, 2, 178, 261 ; Heilbron eé al., /. 
Chem. Soc., 1933, 1263 ; 1934, 1311, 158i ; 1936, 295, ef seq.). 

It has been found in general, that using sodium acetate and acetic 
anhydride, by the introduction of the higher alkyl] substituent-in the side 
chain of the hydroxyketone, the tendency towards chromone formation 
increases (Canter, Curd and Robertson, J. Chem. Soc., 1931, 1263 ; Heilbron, 
Hey and Lythgoe, ibid., 1934, 1581 ; Chadha, Mahal and Venkataramen, 
ibid., 7933, 1459, et seq.). 

Keeping the o-hydroxyketone the same, if the-anhydride and the 
sodium salts of higher acids are taken, like propionic and butyric, then there 
isa tendency towards coumarin formation (Heilbron, Hey and Lythgoe, 
loc. cit. Chakravarti and Majumdar, J. Indian Chem. Soc., 1939, 16, 151, 
et seq.). 


When benzoic anhydride and sodium benzoate or their derivatives are 
used, the products formed are always flavone derivatives (Allan and Robir- 
son, J. Chem. Soc., 1924, 2192, et seq.). : 


With phenylacetic anhydride or acetic anhydride and sodium pheny!- 
acetate, the products formed are always 3-phenylcoumarin derivatives in the 
case of o-hydroxy-aryl-methylketones (Bergellini, loc. cit.; Venkataraman, et 

“al., J. Chem. Soc., 1932, 918 ; 1933, 617, 1459, etc.). In the case of w-substi- 
tuted o-hydroxy-aryl-methyiketones, chromones are also formed in a smell 
quantity (Baker and Eastwood, J. Chem. Soc., 1929, 2906 ; Heilbron, Hey 
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and Lythgoe, loc. cit., Chadha, Mahal and Venkataraman, loc. cit.). In 
_ the case of o-hydroxybenzophenones only 4-phenylcoumarin derivatives are 
formed (Canter, Martin and Robertson, J. Chem. Soc., 10931, 1881; 
Chadha, Mahal and Venkataraman, loc. cit.). ‘ 


Resacetophenone on heating with sodium acetate bad acetic anhydride 
yielded 7-hydroxy-2-methyl-3-acetyichromone which is deacetylated to 
7-hydroxy-2-methylchromone (Kostanecki and Rozycki, Ber., r901, 84, 102). 
Kostanecki acetylation of orcacetophenone was, therefore, thought of asa 
method for the synthesis of 7-hydroxy-2 : 5-dimethylchromone which was 
required for comparison with the product which resulted on decarboxylation 


of the product obtained on Pechmann condensation of p-orsellinic acid with : 


ethyl acetoacetate (Sethna and Shah, J. Indian Chem. Soc., 1940, 17, az1). 

Orcacetophenone on heating with sodium acetate and acetic anhydride 
gives a product C,sH,,O; (A), m.p. 125-26°, which on treatment with alkali 
affords C.,Hi.03 (C), m.p. 248-50°. This has been found on direct com- 
parison to be the same as 7- ayy A 5-dimethylcoumarin (I, R= R/=H) 
(Sethna and Shah, loc. cit.). 


The molecular formula of the product (A) differs from that of (C) by 
C,H,O, which suggests the presence of two acetyl] groups, one of which of 
course must be the O-acetyl group, the other being a C-acetyl group. 


Attempts were directed towards the stepwise elimination of the O-acety! and : 


C-acetyl groups. Alkali of varying strength fails to give the desired result. 
However, on treatment of the product (A) with concentrated sulphuric acid 
a product (B), C1sHi.0,, m-p. 214°, has been isolated which on treatment with 
dilute alkali gives (C). Both the products (A and B) give 2:4-dinitrophenyl- 
“hydrazones which shows the presence of a C-acetyl group. The fact that it 
is easily split off with alkali as weil as the fact that the product (B) gives no 
colouration with alcoholic ferric chloride show that it must be in the pyrone 
ring. The production of 7-hydroxy-4:5-dimethylcoumarin (I, R=R’'=H) 
from (B) with the loss of an acetyl group shows that there must be a methyl 
group in the posifition 4 after deacetylation. This suggests two alternative 
structures, 7-hydroxy-3-acetyl-4:5-dimethylcoumarin (II) and 7-hydroxy-4- 
acetomethyl-s-methyleoumarin (I, R=H; R’/=COMe) for (B). The Jatter 
structure is provisionally assigned to (B) because there is no conceivable 
mechanism by means of which the presence of an acetyl group in position 3 
can be accounted for. Hence (A) is (I, R= R’=COMe). 


It may be noted that the C-acetyl group couid not be introduced by the 
action of sodium acetate “and acetic anhydride under the conditions of 
Kostanecki reaction on 7-hydroxy- -4:5-dimethylcoumarin. 


: 
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O ‘ O 
nO Ree . 
Vee > Nye 
Me C:CH,R’ 2-2 Me Ome 
_ Se aD (II) 


The following mechanism is suggested for the formation of 7-acetoxy- 
4-acetomethyl-5-methylcoumarin. 


The first step is the formation of the diacetyl derivative of orcaceto-. 


phenone (i). This is then converted into the 8-diketone (ii). The acetyl 
derivative of the 6-diketone (iii) then gives on ring-closure 7-acetoxy-4- 
acetomethyl-5-methylcoumarin (I, R=R/=COMe) : . 


Me'COO/\ ncoMe. _, MEOCO/Non 


| > 
COMe See OMS 
“Me Mee 
() “ae 
MeOCO/\ocome —- (I, R=R’=COMe) 
COCH,COMe : 
Me : 


a) 

The monomethyl ether of orcacetophenone gives on similar acetyla- 
‘tion 7-methoxy-4-acetomethyl-5-methylcoumarin, identical with the methyl 
ether of (I, R=H; R/=COMe) which .on treatment with alkali gives 7- 
methoxy-4:5-dimethylcoumarin, identical with the methyl ether of 
(I, R=R’=H). ; , 

The exclusive formation of a coumarin in the Kostanecki reaction on 
orcacetophenone and its monomethyl ether is a point of interest as the ace- 
tylation of o-hydroxyacetophenones produces either exclusively a chromone 
or a mixture of chromone and coumarin (Kostanecki and Rozycki, loc. cit., 


Wittig, Bangert and Richter, loc. cit.) The 6-methyl group in orcacetophe-_ 


none, therefore, seems to havea profound influence on the course of the 
Kostanecki reaction. é . , 
Attention may be also drawn to the new technique in which the O-acety] 
group is hydrolysed with concentrated sulphuric acid which leaves the C- 
acetyl group in the pyrone ring absolutely intact and which is then removed 
with alkali. This new technique of stepwise elimination of O-acyl and C-acyl 
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groups promises to be of use in the isolation of 3-acylchromones, and the 
work to study the applicability of this method in the synthesis of coumarins 
and chromones is in progress. 


ExPERERIMENTAL,. 


7-Acetoxy-4-acetomethyl-5-methylcoumarin (I, R = R! = COMe).— 
Orcacetophenone (10 g.), prepared by Hoesch’s method (Ber., ror5, 48, 1127), 
sodium acetate (30 g.) and acetic anhydride (roo c.c.) were refluxed in an 
oil-bath at 180 90° for 8-9 hours. The excess of acetic anhydride was distilled 
off and the reaction mixture added to water. Thesolid obtained gave on 
crystallisation from rectified spirit long wooly needles (6-5 g ), m.p. 125-26°. 
(Found: C, 65°8; H, 5°3. C,sH,.0; requires C, 65°7 ; H, 5:1 per cent). 

The 2:4-dinitrophenylhydrazone, prepared from the above product and 
2:4-dinitropkenylhydrazine hydrochloride as usual, was crystallised from 
glacial acetic acid in tiny yellow needles, m.p’ 238-39°. (Found: N, 
12°2. CoeH1,0,N, requires N, 12-3 per cent). 

7-H ydroxy-4-acetomethyl-s-methylcoumarm (I, R=H; R’=COMe).— 
The product (I, R=R’=COMe) (x g.) was kept for 4 hours with concentrated 
sulphuric acid (zo c.c.) and then the reaction mixture added to cold water. 
The product, which separated, was crystallised from rectified spirit in tiny 
shining needles (0-7 g.), m.p. 214°. It gives no colouration or fluorescence 
with alkali or concentrated sulphuric acid. It also gives no colouration 
with alcoholic ferric chloride. (Found: C, 67:1; H, 5:2. CysH 4.0, requires 
C, 67:2 ; H, 5-2 per cent). 

The 2:4-dinitrophenylhydiazone, prepared as usual, was crystallised 
from rectified spirit in yellow needles, m.p. 250-60° (decomp.). (Found: 
N, 13:0. Cy9HysO7N4 requires N, 13-6 per cent). 

The methyl ether, prepared as usual by refluxing the acetone solution 
of (I, R=H; R’=COMe) with fused potassium carbonate and methy! iodide 
was crystallised from dilute alcohol in long shining needles, m.p. 123-24°. 
(Found: C, 68:5 ; H, 5°6. CuH 1.0, requires C, 68-3, H, 5°7 per cent). 

7-Hydroxy-4:5-dimethylcoumarin (I, R=R/=H).—The product (I, R= 
H; R’=COMe) (x g.) was shaken up with sodium hydroxide (5%, 15 c.c.) 
and kept for 3 hours. The product obtained on acidification with 
hydrochloric acid was crystallised from rectified spirit in stout shining 
néedles (0'7 g.), m.p. 248-50°. Mixed m.p. with 7-hydroxy-q:5-dimethyl 
coumarin (Sethna and Shah, loc. cit.) was not depressed. 

Deacetylation can also be effected by refluxing the products (I, R=R’= 
COMe) and (I, R=H; R’/=COMe) with sodium carbonate solution (5-5%) for’ 
about 1} hours. The yield is, however, inferior, 
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The product (I, R=R/=COMe) on treatment with dilute sodium hydre 
xide gives directly (I, R=R’=H) and the product (I, R=H; R’=COMe 
cannot be isolated. : - 

The methyl ether, prepared from the acetone solution of (I, R= R'=H 
methyl iodide and fused potassium carbonate was crystallised from dilute 
alcohol in needles, m.p. 117-19°, mixed m.p. with 7-methoxy-4:5-dimethyl- 

coumarin (Sethna and Shah, loc. cit.) was not depressed. 

, The acetyl derivative, prepared as usual, was crystallised from rectifiec 
spirit in silky needles, m.p. r19-120°. Mixed m.p with 7-acetoxy-4:5- 
dimethylcoumarin (Sethna and Shah, loc. cit.) was not depressed. 

With a view tosee if the C-acetyl group can be introduced in the 
pyrone ring of (I, R=R/=H) the compound (I, R= R’/=H) (0°3 g.) was heated 
with acetic anhydride (ro c.c.) and sodium acetate (x g.) for 8 hours at 180-90”. 

_ The exeess of acetic anhydride was distilled off and the reaction mixture was 
poured into water. The product obtained on crystallisation from dilute 
alcohol gave silky needles, m.D. 119-20°. Mixed m.p. with the above acetyl 
derivative from (1, R=R/=H) was not depressed, Mixed mp. with the 
product (I, R=R’/=COMe) was depressed by 15°. 

Acetylation of Orcacetophenone Monomethyl Ether : 7-Methoxy-4-aceto- 
methyl-5-methylcoumarin.—Orcacetophenone monomethyetherl(2 g.), sodiunr 
acetate ‘6 g.) and acetic anhydride (20 c¢.c.) were refluxed for 8 hours at 
180-g0°. The product obtained on crystallisation from rectified spirit 
gave glistening needles, m.p. 122-23°. Mixed m.p. with the methyl ether 
of 7-hydroxy-4-acetomethy1l-5-methylcoumarin was the same. 

This methyl ether (0-5 g.) was kept in contact with sodium hydroxide 
(5%; 10 c.c.) for 3 hours. The product, obtained on acidification, was crys- 
tallised from dilute alcohol in needles, m.p. 117-19°. Mixed m.p. with 7- 
methoxy-4:5-dimethylcoumarin (loc. cit.) was the same. 

All the analyses recorded are micro-analyses. 
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_ACRIDINE DERIVATIVES. PART V. AUROTHIO- - 
AND ARGENTOTHIO-ACRIDINES.* 


By S. J. Das-Gupta. 


Gold and silver compounds of 5-thiolacridine derivatives have been described. 


cd 


It was considered to be of interest to prepare acridine compounds with 
gold or silver and note their pharmacological activity. For this purpose, 
5-thiolacridine derivatives of the type (I, R=H) have been prepared. 
‘These thiolacridines, on treatment with potassium auribromide, afford the 
gold compounds of the type ‘I, R=Au). The silver compounds of the 
type (I, R=Ag) are prepared by treating the sodium salts of the 
thiolacridines with silver nitrate. : 

The 5-thiolacridine derivatives readily dissolve in sodium hydroxide 
solution and may be regenerated from these solutions by neutralisation. 
But the products liberated arelighter in colour than the parent compounds, 
Recrystallisation or simple heating on a steam-bath transforms them back to 
the original form. This suggests that most probably the thiolacridine deri- 
vatives exist in both thio-ketonic (II) and thio-enolic forms (III). - 


On ehy | roe az 
CO 0 QO) 


All the gold and silver compounds are stable and deep red coloured 
solids having definite melting points. They are insoluble in water and in 
common organic solvents. 

During the preparation of the above aurothioacridines, another set of 
gold compounds has been isolated possessing a lighter colour. From general 
properties and the results of analysis, the structure (IV) is assigned to them, 


Previous parts of this series of papers appested under the caption “Acridine 
derivatives as antimalarials’’. 
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EXPERIMENTAL. 


2-Chloro-7-methoxy-5-thiolacridine.—2 : 5-Dichloro - 7 - aueLnoayacr dine 
(2'g.) was heated with potassium xanthogenate {4 g.) in phenol (6 g ) at 115° 
for 3 hours. After cooling, the mixture was poured into ice-cold wate-, 
stirred forsome tithe, filtered and washed thoroughly with water, and 
crystallised from alcohol in deep red shining needles, m.p.245°. The subs- 
tance is insoluble in water but soluble in both aqueous and alcoholic sodium 
hydroxide solution. On acidification of alkaline solution, the thioi con- 
pound is precipitated as yellow needles but may be reconverted to the ret 
vaiiety when heated in a steam-oven or when recrystallised from alcohol. 
The yellow form, admixed with equal part of the red variety, melts at 24©° 
without depression. . (Found: N, 4-98; S, 11-4. Cy.H,ONCIS requires 
N, 5-08; S, 11-62 per cent). 

2-Chloro-7-methoxy-5- aurothiolaciidine (Structure analogous to I).—To 
0°55 g. of 2-chloro-7-methoxy-5-thiolacridine in alcohol (25 c.c.), sulphur 
dioxide solution (4%, 20 c.c.) was added and the mixture was slowly treated 
at room temperature with a solution of potassium auribromide (1-2 g.) m 
alcohol (12 c.c.). The mixture was allowed to stand for several hours with 
occasional shaking and then diluted with alcohol, filtered, and the produ:t 
washed thoroughly with alcohol and water. The daik red amorphous sub- 
stance was dried in vacuo over phosphorus pentoxide, m.p. 247-48° (decomp,). 
It is very sparingly soluble in acetone and insoluble in al] other commen 
solvents and could not be further crystallised. It is also insoluble in diluze 
acids but sparingly soluble in hot and strong hydrochloric and acetic acids. 
(Found : N, 3:18; S, 6-27; Au, 43-2. CisHsONCISAu requires N, 2-97 ; 
'S, 6-78 ; Au, 41°78 per cent). 

Bromoauro-5-dithio-(2-chlo10-7-melhoxy)-acitdine (Structure analogoas 
to 1V).—2-Chloro-7-methoxy-5-thiolacridine (crystallised, 0°55 g.) n alcohol 
(25 ¢c.c.) was treated slowly with a solution of potassium auribromide 
(06 g.) in alcohol (x0 c.c.). Sulphur dioxide solution (4%, 6 c.c.) was then 
added slowly and the mixture left aside for several hours with occasional 
shaking. After dilution with alcohol, the mixture ‘was filtered, washed 
thoroughly with alcohol and water. The solid, after being dried in vacuo, 
was obtained as a deep ied amorphous substance, im.p. 254-55° (decomp ). 
It is very sparingly soluble in alcohol and acetone and im all other solvents 
and dilute acids. [Found: N, 3-44; S, 7:88; Au, 23°3. (C\,H,ONCIS), 
AuBr requires N, 3-39 3 S, 7°75; Au, 23-85 per cent]. 

a-Chloro-7-methe xy-5-a1 gentothiolacridine.—2-Chloro-7-methoxy-5-thiol- 
acridine (1-1 g.) was dissolved in dilute alcohol (50 c.c.) contaming sodiu.n 
hydroxide (0°16 g.) and silver nitrate solution (0-75 g. in 10 c.c. of water) 
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was added slowly with shaking when a precipitate separated out. Aftera 
few minutes the solid was collected, ‘washed thoroughly with alcohol and 
water, and dried in vacuo. ‘The dark red amorphous substance, m.p. 290° 
(decomp.), thus obtained, is almost insoluble in ail common solvents and in 
ammonia and dilute acids but is sparingly soluble in strong acids. (Found : 
N, 3°54; Ag, 28:26. CisHy ONCISAg requires N, 3-66; Ag, 28-23 per cent). 
7-Methoxy-5-thiolacridine.—7-Methoxy-5-chloroacridine (2 g.) and potas- 
sium xanthogenate (4 g.) were heated in -phenol (6 g.) at 125-30° for more 
than 3 hours. Isolated as described previously, the compound was obtained 
in red shining needles from alcohol, m.p. 231-32°: (Found: S, 13°07. 
Cy,H,,ONS requires S, 13°27 percent). Itis insoluble in water but soluble 
in dilute aqueous or alcoholic sodium hydroxide solution, from which it is 


- . liberated on acidification in light yellow form with identical melting point 


and changes to the red variety when heated in a steam-bath or when recry- 
stallised. s 

7-Methoxy-5-aurothioalcridine.—The above thiolacridine {0-48 g.) “in 
alcohol (20 c.c.) was mixed with sulphur dioxide solution (20 c.c., 4%) ) and 
then slowly treated with an alcoholic solution of potassium auribromide~ 
' {x-ag.). Isolated as in the previous case, the compound was obtained as 
‘dark red amorphous powder, insoluble in all common solvents, m.p. 219-20° 
(decomp.). (Found: S, 701; Au, 46-7. CysH,ONSAu requires S, 7°32 ; 
Au, 45°08 per cent). 

Bromoauto-s5-dithio-(7-methoxy)-acridine (Structure analogous to IV),— 
The foregoing thiolacridine (0-48 g.) in alcohol (20 c.c.) was slowly treated ” 
with an alcoholic solution of potassium auribromide (06 g.). The mixture 
was shaken and sulphur dioxide solution (6 c.c.,- 4%) was slowly added. 
The compound was isolated as a deep red powder,’ m.p. 222-23°. 
[Found :. 5, 8-45; Au, 27-0. (CysHioONS). AuBr’ requires S, 8-25; Au, 
26°02 per cent). - 

_ 7-Methoxy- eer panladhiolaciminee the thiolacridine was dissolved- in 
dilute alcohol containing equivalent proportion of sodium hydroxide and 
treated with silver nitrate as described. The compound was isolated as 
brick-red amorphous powder, insoluble in all solvents, m.p. 261° (decomp.). 
(Found: WN, 3°89; Ag, 31-12. CysHisONSAg requires N, 4:02; Ag, 31°03 
per cent). 

‘The author wishes to express his sincere thanks to Dr. U. P. Basu, 
-D.Sc., P.R.S., for his interest in this work and to Mr. S. C. Choudhury for 
a gift of gold bromide. 2 : 


_ResearcH LasoraTory, = : 
Brencal Innwuniry, Received January 22, 1940.” 
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NUTRITION STUDIES IN BIHAR. PART III. ESTIMATION 
OF CAROTENE AND ASCORBIC ACID IN COMMON 
FRUITS AND VEGETABLES. 


By K. Mirra H.C. Mirrra anp A. C. Roy. 


The carotene and ascorbic acid content of various leafy and other vegetables and 
fruits commonly grown in Bihar have been estimated chemically. Of the fruits analysed 
ripe Barhar (Artocarpus lakoocha) and the juice of the ripe palmyra fruits have been found 
to be very rich in carotene. Another vegetable having exceedingly high ascorbic acid 
content has been Chathail (Momordica cochinchinensis), The leafy vegetables analysed 
gave high carotene and ascorbic acid values. 


The literature on the importance of carotene and ascorbic acid in 
human nutrition is steadily growing in volume. In the absence of a com- 
prehensive table of food values field workers engaged in dietary survey 
experience difficulty in assessing the complete value of daily intake (com- 
prising of diverse edibles) in terms of proximate principles of food, parti- 
cularly the different vitamins. 

Inspite of the slight {at times negligible) variability inevitably asso- 
ciated with animal experiments, biologicai assay is still accepted as the 
standard method as far as the vitamins are concerned. But the chemical 
methods of assessment have been receiving more and more attention from 
workers all over, being quicker, less complicated and more economical. As 
regards ascorbic acid the chemical methods of estimation inspite of its 
slight drawbacks has been universally accepted. With carotene, the 
methods have yet to be perfected but for ordinary purposes of dietary study 
and propaganda, the chemical methods have their uses. 


EXPERIMENTAL. 


Carotene.—The extraction of carotene from the vegetables and 
fruits was done exactly by the technique described by Ahmed et al (Indian 
J. Med. Res., 1937, 24, 801) but the estimation of the ethereal extract 
containing the carotenoid pigment was done by colour comparison method 
advocated by Guilbert Und. Eng. Chem. Anal. Ed., 1934, 6, 452) and 
subsequently modified by Petersen et al (ibid., 1937, 9, 71). The latter 
method eliminates the use of Lovibond tintometer and more commonly 
available colorimeter is used instead. The stock dye solution was made 
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by dissolving naphthol yellow (3°06 g.) and Orange-G crystals (0°45 g.) 
in one litre of water. The stock dye solution (5c. c¢.) was further 
diluted to 1 litreand this constituted the standard dye solution, the 
colour of which matched with a solution containing 2°4 mg. of 6-caiotene 
per litre. Banerji and Ramasarma (Agric. & Live-stgck in India, 1938, 8, 
253) have used potassium dichromate as the standard dye solution, but 
thé authors found the former dye standard as efficient as the latter by 
duplicate set of experiments. It. was further observed that in removal of 
xanthophyll, ethyl alcohol worked as efficiently as its next lower homo- 
logue, the latter being advocated by Guilbert (loc. cit.). : 
Ascorbic Acid.—The estimation of ascorbic acid was made by dichloro- 
phenol-indophenol titration method (Birch et al., Biochem. Te 1933, 97, 
590) with the addition of pyrophosphate as advocated by Giri (Indian j. 
Med. Res., 1938, 26, 166). Considerable difficulty was experienced - in -the 
determination of the end-point (in titration) if the juice extracted from 
fruits or - vegetables was highly coloured: Wherever necessary, blank con- 
trol titrations were made simultaneously but this method did not work 
if the extracted juice showed slightest red tinge. Consequently” all 
doubtful results have been left out of the table below. In’ sitch casés 
extractions made with metaphosphoric acid on ‘thé lities “recently- advo- 
cated by Lanke (Skand. Arch. Physiol., 1939, 81, 300) may help -future 
worker’ to determine the end-point with some ‘amount of précision. ° 


_ Tas.e I. 


Leafy vegetables. 


= Figures are given in-mg. per 100 g. of the material. 


2 


“No, Hindiname. Eng. naine. “Bot. name. , Carotene: Ascorbic ‘acid. 
1 Alu sag* Tender stalks Solanum tubero-— 12°2 mg,” - ‘938 Suis. 
of Potato. sum 
2 Bathnasag ° Goose foot Chenopodium 19°4 Bey 
album 
3 Boont sag "Tender Bengal Cicer arietinum 13°4° . 1998 
a - gram plant. ; aie . : 
4 Dhania sag *- Coriander plant ~Coriandrum satt- ~~ 116 T+ = gosgt s 
# gas vum oe po cae 
5 Gajar Bag, ‘ : Stalk of carrot: _ Daucus carota - 14°83 Ye 92'8 


* ‘Sp means sanchien leaves and stem of the plant unless otherwise Genienne 
Statements within cen gives the Chnsuctce of ne crs ay not specific 


names. ° 


No. Hindi name. 


6 Gendhari sag 


7 Kachnar ka patta 


8 Kaddoo sag 


9 Kalmi sag 


ro Kanta gendhari sag 


11 Kelao ka patta 
12 Kelao sag 


13 Khesari sag 
14 Konhra sag 


15 Lahsun ka patta 


16 Lal sag 
17 Lofa sag 
18 Methi sag 


19 Murai sag 
20 Palki sag 


ai Parwar sag 
22 Patua sag 
23 Piyaz ka patta 


24 Podina 
25 Pooin sag 
26 Salad ka sag 


27 Sarso sag 


a8 Sowa sag 


. NUTRITION STUDIES 


Taare I (con td.). 


Eng. name. Bot, name, Carotene. 
Love-lies-bleeding Amaranthus 14°8 
caudatus 
(Leaves only) Bauhinia varie- 8°4 
gata 
Bottle‘gourd Lagenaria vulga- 97 
ris 
Ipomea Impomeea se- 10'8 
piaria 
Thorny pigweed Amaranthus 26'8 
leaves Spinosus 
Tender leaves of Pisum arvense 24'4 
pea only 
Tender peagleaves Do 15°5 
& stem 


Tender lJathyrus Lathyrus sativus 15°5 


Pumpkin Cucurbita maxima 10°x 
Green stalks of Allium sativum 42 
garlic 
Red pigweed Amaranthus rubrum 11'5 
sb Malva verticillata 75 
Fenugreek Trigonella foenum- — gt 
graeum 
Stalk of radish Raphanus sativus 74 
Spinach Spinacia oleracea 6x 
Trichosanthes 13°4 
dloica 
Tender leaves Corchorus capsu- 10°8 
& stem of jute —_laris 
Green stalks of Allium cepa 20 
onion 
Mint Mentha viridis 87 
tee Bassella rubra 4'8 
~ Lettuce Lactuca sativa 68 
Rape seed leaves Brassica napus 88 
Sowa Peucedanum sowa 150 


249 


Ascorbic 
acid. 


77°3 
69°6 
330 
43°7 
133°9 
105'7 
109°4 
81°3 


38°7 


94°E 


43°3 

92°60 
1264 - 

402 


II0'2 


79°4 
50°9 
118°3 


75 
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No. Hindi name. 
x Bakala 


2 Barsema 


3 Chalta 


4 Chathail or kheksa 
(big) 


& Do (small) 
6 Gajar 
.7 Gulcharni 


8 Gullar 
9 Jhingi 


ro Kachri boont 
1r Kamrak 
ra Kankari 


13 Katcha Aam 

14 Katcha Barhar 

xs Katcha matar 
(Kabuli matar) 

16 Matar 

17 Katcha papita . 
(chhilka) 


(gudda) 


1g Katcha arhar ka 
dana 


18 Do. 


20 Kawachia sem 
at Kelao sag ke danti 


az Konhra flower 


23 Kudrum (patwa) 


. 


Tass IT. 
Other vegetables. 
[Figures are given in mg. per 100g. of material] 


Eng. name, 


Sword bean 


vee 


Hilly variety 


Country variety 
Carrot 


(Flower stalks) 


Figs 
Ridge gourd 


Tender Bengal 
gram _ 


Gourd fruit 


Green mango 


English peas 
green 


Country peas 
green 


Skin of green 
Papaya, 


Do. (pulp) 


Tender red gram 


Cowage 
Stem of pea 


Flower. of 
pumpkin 


Roselle or red 
sorrel - 


Bot. name, ° 


Vicia faba 


Canavalia ensi- 
formis 


" Dillenia indica 


Momordica cochin 
chinensis 


Do 
Daucus carota 


Calonyction muri- 
catum 


Ficus hispida 

Luffa acutangula 

Cicer arietinum 

Averrhoa caram- 
bola 


Cucumis melo var 
ubllissimus 


Mangifera indica 


Artocarpus 
‘lakoocha 
Pisum sativum 
Pisum arvense 


Carica papaya 


Do 


Cajanus indicus 


Mucuna capitata 


Pisum arvense 


Cucurbita maxima 


Hibiscus sabdari- 
ie : 
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Carotene. 


0’9 
o'2 


or 


o'4 


r'8 


06 


03 
0'4 


2'2 


0'4 


0°2 


Trace 


1-2 


ot 


24 


o"4 
08 


0-6 
6-8 


04 


Ascorbic 
acid. 


go°r 

250 
9'0 

650 


246°9 


. 25°0 


I9°I 
57 
15'8 
73°7 
30°4 
16°7 . 
43'6 
32°7 
23°S 
189 
724 
32°0 
29°7 
26:8 


473 


22-6 


No. Hindi name. 
24 Kundri 

a5 Lataru bia 

26 Lataru 


27 Muchkund 
champa) 


(Kanak. 


28 Nenua 


29 Parwar (green) 


30 Do (ripe) 


31 Raharia sem 
(Guar) 


32 Ramtorai (Bhindi) Ladies finger 


33 Roma or Boro {red). Cow pea pods 


34. Do (greenish white) 
35 Saijan ka phool 

36 Sem 

37 Do (small) 

38 Soothny - 


No. Hindi name. 


x Aam Bombai 
2 Aam sipia 


3 Amra 


4 Bael 


5 Barhar (ripe) 
(Beng. Madar) 
6 Bayr tbara) 


6 


Eng. name. - Bot, name, Carotene. 
eee Cephalandra indica 03 
(Vegetable) _ Dtoscorea alata o'4 
(Tuber) : Do. or: 
see Pterospermum 0.4 
acerifolium 
Vegetable marrow Luffa aegyptiaca 02 
~~ Trichosanthes o's 
7 dloica : : 
Do I's 
Cluster bean Cyamopsts psorali- = 1°2 
oides 
Hibtscus esculen 03 
tus 
Vigna catiang 06 
Do ‘Do 0-6 
Drumstick flower Moringa oleifera o'9 
Broad bean (big) Dolichos lablab 0°3 
Do (small) Do — o'7 
Dioscorea fasci- Trace 
culata 
Taniz II. 
[Figures are given in mg. per 100 g. of material]. 
Fruits. 

Eng. name. — Bot. name, Carotene. 
. e 
Mango Mangifera indica = 60 
Do Do * 2-6 
Hog plum Spondios meingt- o'4 
fera 
Wood apple Aegle marmelos orr 

re - - Artocarpus lako- 18'0 

ocha 
Indian plum Zizyphus jujuba o's 
(sweet) ~- z - 5 7 
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Tanne Il (contd.): 
Other vegetables. 


251 


Ascorbic acid 
21°3 
I5*E 
16°4 
18°6 


10°oO 


42"4 


38°2 
17-4 


24:0 
284 
142°9 

17°4 

17°8 

IL'g 


Ascorbic 
acid, 


19's 


37°6 
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No. Vern. name. 


9” Bayr (chhota) 
8 Falsa 
9 Gab 


10 Jamun 


mr Kadam 
12 Kaint 


13 Kalaonda 
14 Kend 


15 Kesaur 
16 Kharbuja 
17 Khirni 


18 Loquat 


19 Makoh 


20 Pakka papita 
(chhilka) 
ax Do (gudda) 


22 Piyal 


23 Sarifa 

24 Singhara 

25 Tarbuja 

26 Tarh ka pheda 


27 Toont hara 


28 Toont lal 


ag Velowa 
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Taste IIL (contd.). 


Eng. name. 


Do (smail} 


Black berry 


(Inflorescence) 
Elephant apple 


(Acid berries) 


eee 


Musk melon 


Loquat 


Cape goosebery 


Ripe papaya - 
‘skin) 


do (pulp). 


Custard apple 
Water chestnut 


Water melon 


Ripe palmyra fruit Borassus flabellifer 


(mesocarp) 


Mulberry (green Morus indica 


variety). 


Do (red variety) 


Orange cups of Semecarpus ana- 


marking nut 


cardium 


DISCcUSSION. 


- ROY 


Fruits. 
Bos. name. Carotene. 
Do o*4 
Grewia asiatica o°3 
Diospyros embry- Or2 
opteris 
Eugenia jambolana Orr 
” Anthocephalus 2°5 
cadamba 
Feronia elephant- ‘Trace 
um 
Carissa carandus orl 
Diospyros melano- —o*1 
sylon 
Pachyrhizus angulata Nil 
Cucumis melo 0°5 
Mimusops hexan- I°3 
dra 
Ertobotrya japo- o'4 
nica 
Physalis peruviana 3°4 
Carica papaya 47 
Do 2°8 
Buchanania Iq 
latifolia 
Anona squamosa Nil - 
Trapa bispinosa Trace 
Citrullus vulgaris rg 
7°6 
or2 
Do o'2 
0"9 


Ascorbic 
acid. 


30°5 
105 
223 
? 
16°5 
arg 
184, 
4rr 
25°9 
2°t 


24°2 


22°8 
514 
50:9 

77 
36-7 
16°3 

79° 
24°0 


404 


It is quite evident from the above tables that the leafy vegetables are 
very rich sources of vitamins A andC. Ofthe 28 kinds of sags analysed 
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the less popular edible leaves e.g. Boont, Khesari, Kelao and Kanta gendha-i 
sags were found to exceed in carotene and ascorbic acid content the mor 
popular palki sag, pooin sag, or satad ka sag. It has further beea 
noticed that leaves af the plants are richer in both the protective elements 
as compared with their respective stems. ‘The consumption of the tender 
stems and leaves of jute plant (Pat sag) is very popular with the poorer 
section of people in the Purnea distzict, otherwise it isa rare commodity i2 
this province. From the results published by Levy et al (South African 
Med. J., 1936, 10, 699) it appears that common edible leaves of Souti 
Africa are richer in vitamin C potency as compared to their homologus ia 
Bihar. The findings of Rudra (Bicchem J., 1936, 80, 70x) could be confirm - 
ed in the case of green papaya ; the skin being a richer source of vitamir 7 
than the pulp. Inthe case of the ripe fruit nosuch difference could t= 
noticed. Amongst the vegetables Chathail or Kheksa (Momordica cochir- 
chinensis) was found to be an extremely rich source of vitamin C. Ths 
vegetable creeper grows in abundance all over the province, though ncta 
very popular article of dictary. 

Out of the 29 different fruits analysed for carotene ripe Barhar seerrel 
to be an exceedingly rich source. ‘The tree yielding this fruit is ubiquitors 
in its distribution all over the province ‘The fruits are sweet and slightly 
acid in taste but are not popular with the middle class people. The juice or 
the mesocarp of the ripe palmyra fruit was found to be another tich source 
of carotene. Bhelowa or marking auts are not considered edibles in majcr 
part of this province but in Chotenagpur division and in the district -cf 
Santal Parganas the orange-coloured calyx of the nut is much coveted by 
the children. ‘They are eaten raw. During cold months in these districts 
one often encounters children with dark stains on their lips caused b7 
injudicious bite at the nut (the juice of the nut itself being caustic). 

I: is by no means pretended that the listis complete. This investige- 
tion was started with an idea to emphasise ‘the desirability of a better 
acquaintance with our inexpensive food resources,’ consequently the edibles 
selected for analysis are cheap and easily availabie. 

‘The authors are indebted to Professor S.S. Chaudhury of the depar-- 
ment of Biology, P. W. Medical College, Patna, for taking infinite pains t 
furnish the botanical names of the majority of the edibles cited in the tex’. 
To Lt-Col., S. I. Mitra, IL.M.S., Director of Public Health, Bihar, they are 
grateful for suggestions and encouragement. 

Notrition SCHEME, 
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MEASUREMENT OF SWELLING AND ELECTROKINETIC 
POTENTIAL OF FIBRIN AT VARIOUS HYDROGEN 
JON CONCENTRATIONS. 


By B. N. Guosm anp N.C. MUKHERJEE. 


The swelling and electrokinetic potential of fibrin have been measured in dilute 
solutions of a number of mono and polybasic acids Except in the case of.nitric and 
hydrochloric acids, no parallelism between swelling and electrokinetic potential was 
observed. : : 


It is well known that proteins like gelatin, fibrin etc, swell in contact 
with water and dilute solutions of acids and alkalis. The swelling of protein 
has been found to be minimum at its iso-electric point and as the px of 
the solution in contact with it increases above or decreases below the iso- 
electric point, the swelling in each case increases, reaches a maximum and 
then diminishes again. The theories which have been advanced to account 
for the swelling of proteins distinguish between two types of swelling : (i) 
at the iso-electric point and (i:) swelling at hydrogen ion concentrations other 
than that of the iso-electric point. 


The swelling at the iso-electric point is usually attributed to the hydra- 
tion of the protein micelles. Kat (Koll.-chem. Beih., 1918, 9, 1) measured the 
heat evolved and the contraction in volume of the gelatin-water system 
during the swelling of gelatin and emphasised on the close analogy between 
this process and the dilution ofa strong solution of sulphuric acid with 
water. 


According to Lloyd and Moran (Proc. Roy. Soc., 1934, A, 147, 342) the 
water which is imbibed by iso-electric gelatin is held partly as ‘firmly bound’ 
water and partly as ‘loosely bound’ water. The portion of water which can 
be squeezed out from the gel at a pressure of 8000 Ibs per sq. inch is ‘loosely 
bound’ water and the other part which begins to be squeezed out at a pres- 
stuire of 30,000 Ibs per sq. inch of the gel is termed ‘firmly bound’ water. The 
swelling of gelatin at hydrogen ion concentrations other than that of the iso- 
electric point has been attributed by Procter and Wilson (J. Chem. Soc., 
1916, 109, 307) and also by Ghosh (ibid., 1928, 711) to the higher concentra- 
tion’ of the’ diffusible ions inside the gel than in the outside solution_as a 
result of Donnan equilibrium. 
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Tolman and Stern (J. Amer. Chem. Soc., 1918, 40, 264) measured 
the swelling of fibrin in dilute solutions of acids and concluded that 
there must be a close relationship between the- swelling and the electrical 
charge of fibrin micelles. They suggested that as the electrical: 
charge of the protein * micelles increases, the force of repulsion between 
them also increases and this causes increase in swelling. It may be 
pointed out that the increase in the electrical charge of the protein 
micelles may increase their hydration as suggested by Pauli (Biochem. Zi; 
1909, 18, 368) and this may also be responsible for the observed increase 
in swelling in dilute acid or alkaline solutions. A simultaneous measure- 
ment o: swelling and electrokinetic potential of fibrin was therefore 
undertaken to ascertain if there exists any relation between the swelling 
and electrical charge of this protein. ‘I'he results obtained are recorded in 
this parer. 


EXPEHERIMENTAL. 


Absut too g. of fibrin (Merck’s) were taken in a beaker containing a 
normal solution of hydrochloric acid and stirred with a glass rod. After 
2 hours the supernatant solution was poured off, a fresh solution of normal 
hydrochloric acid was added, the mixture stirred and after allowing to 
stand for about’ two hours, the supernatant solution was again decanted off. 
This process was repeated about four times. The swollen mass of fibrin 
was then repeatedly washed with distilled water until the fu of the wash 
liquid was nearly the same as that of the distilled water used. The fibrin 
was then dried under a small electric fan and finely powdered. _ The sample 
thus prepared was used in all our experiments. 

Tke swelling was thus measured by placing the fibrin sample (x g:) 
in a tall graduated cylinder and covering the mass with-ro0 c.c. of the 
dilute acid solution of the requisite conductivity. The acid solution 
was cooled to 10° before use. The cylinder was placed inside a refrigerator 
mainta:ned at 10°, The contents of the cylinder were stirred twice at 
intervals of three to four hours to ensure uniformity of concentration of 
hydrog2n ions-throvfghout the solution. The volume occupied by the given 
weight of the fibrin after 24 hours was read from the graduations in the 
cylinder. 

The electrokinetic potential was meastired by means of an arrangement 
used by Mukherjee and co-workers (Nature, 1922, 110, 732) and described 
in detail in a paper by Ghosh and Roy (J. Indian Chem. Soc., 1939, 16 634): 
The fibrin was transferred from the cylinder to the U-tube and made to 
occupy its lower part by pressing with a glass rod having a flattened end. 
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upper part of the U-tube and the connecting tubes were filled with an acid 
solution having. the same conductivity as that of the supernatant liquid. 
The electro-osmotic velocity U is connected with the electrokinetic potential 
E by the equation 


ami baa: 





where i is the current, K, the specific conductivity of the liquid filling the 
pores of the diaphram and D, the dielectric constant and 7, the “coefficient 
of viscosity of the solution. For dilute solutions D and» may be assumed 
to remain constant. Hence the equation (x) can be expressed in the form 

Ux 


1 





=EXxe 


where c =. = and is a constant for dilute solutions. 
n - - . 


Therefore, the electrokinetic potential is proportional to UxK. In the 
following tables U is expressed in cubic centimetres of water flowing 
through the diaphragm per second, i, the current in amperes and K, the 
specific conductivity in reciprocal ohms. The results obtained with mono- 
‘ basic acids are recorded in Table I and those with polybasic acids in 

Table II. . 





TABiE I. 
Acid. Sp. conducty. ‘Swelling. Current. Charge. U x x04, te - 
Hydrochloric 2-35 x 10" 8c.c.° 6m.amp. Positive 1°34 5°5 x10" 
1-27 X 1973 7 12 3 1-46 I'55 
69 x 1074 6 7 9 r16 ILS 
3 4:1 x 1074 5 7 a 1-82 I-07 
Nitric 5x 1073 “9 10 a Positive 0°37 1°85 
a4xx078 8 10 tt © 085 2°08 
102 * 1073 5 8- > 1.46 1°86 
5°8 x ro-4 5 8 3 122 08 
3x 104 4°5 6 ” 0°97 0°48 
Trichloro- 7x 1073 og 15 Positive 0°24 r-lg 
a 3°2*x 1073 4°5 15 ; 7 0°49 1.06 °. 


18x 1073 | 5°5 I5 53 - 0°73" 0°88 - 
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: TABLE il, 


Acid. Sp. conducty. Swelling. Current. Charge. 


Sulphuric 7°3 x 1073, 
: 15 X1078 

12 x 1073 

7x 1074 

Sulphosalicylic 7.4 x 1073 
2-7 x 1073 

1-7 x 1078 

1'x x 1973 

Oxalic . “5's x 1078 
2-9 x 1078 

rs x x073 

rx 1907S 

Sucéinic 1x 1073 
49 x x074 

3% x074 


2*3 x 1074 


Phosphoric 5°9 x 1073 


3°5 x 1073 
a2 x 1073 


14x 1078 


rx ro78 | 


85 x 1074 


6 c.c. 
as 
6 
6 


9 
9 


10 
Ir 
Ir 
Ir 
I2 
12 


12 ¢.c, 


to 
Io 
16 
75 
17°5 
17 
16 
13 


15 m.amp. Positive 


15 
Ir 
Io 
12 
8-5 
8 
8 
14 
12 
Io 
Io 
9 
Io 
Io 
8 


10'S 


na oo @ © 


Positive 

3 

” 

” 
Positive 

3 

PPT 

5B 
Positive 

2” 

” 

” 
Positive 


BP 


DIscussrIoONn, 


- 42.9 


1-46 
1°46 
1°46 
0°37 
0°73 


2.2 


0-24 
0°73 
0°37 
0°49 
0°73 c.c. 
0°49 
0°37 
0.37 
0°85 
1°34 
1°34 


1°93 
1°82 
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I39 x 1075 
1-46 
1-59 
I'02 
23 
2°3 
4°76 
2°75 
0°935 
1°74 
0°55 


_ 0°49 


0°73 
0°27 
Ol - 
o106 
4°84 
4°55 
3°74 
3°08 


2°64 


2°6 


It will be noticed from the data recorded in Table I that in the case of 
the two acids, the hydrochloric and the nitric, as their concentration in 
solution increases, the swelling of fibrin at first increases, reaches a 
maximum and then diminishes again. The electrokinetic potential of fibrin 
also changes in the same way as the swelling, the maximum of swelling 


occurring at the maximum value of the electrokinetic potential. 


In the 


case of trichloroacetic acid, however, with the increasing concentration of 
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the acid, the electrokinetic potential iricreases while the swelling decreases. 
This results leads one to doubt if there is any relation between the .swelling 
and the electrokinetic potential of fibrin. 

Again, when the results recorded in Table II are examined, it- is 
noticed that in the case of all the polybasic acids used, the maximum of 
swelling does not occur all atthe same concentration of the solution at 
which the electrokinetic potential is the maximum. In contact with the 
solutions of sulphosalicvlic acid the swelling decreases as the concentration 
of the acid increases, while the electrokinetic potential at first increases, 
reaches a maximum, and then decreases. In the case of succinic and 
phosphoric acids, as the concentration of their solutions increases the 
the swelling increases, reaches a maximum and then diminishes again, 
while the electrokinetic potential continues to increase steadily. It appears 
from these results that there is no relation between the swelling and the 
electrokinetic potential of fibrin in contact with solutions of dibasic acids 
used. , 

Appriep CHEMISTRY DEPARTMENT, 

University CoLiucr oF SCIENCE 


AND TECHNOLOGY, Recetved December a1, 1939. 
CaLcurta. 
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"EFFECT OF-BOILING AND ERYING ON THE ENZYMIC 
HYDROLYSIS. OF FISH PROTEIN. 


By K, C. Sawa. 


® 

The effects of different methods of cooking, frying and boiling, for different pericds 
of time on the enzyme hydrolysis of the proteins of fish have been studied. The hyd-o- 
lysis has been carried out in vitro by pepsin, trypsin and by pepsin followed by tryps n. 
‘The rate of digestion of fish under-cooked in boiling water is greater than that of rew, 
fried or thoroughly cooked fish. With all the species under investigation, the rate of 
hydrolysis is found to be greater in septic digestion than in tryptic, except in two 
cases viz. Boal (Wallagu attu) and Shale (Ophcephalus straitus) where the results 2re 
reversed. 


From the nutritional standpoint the art of cooking and its effects on the 
digestibility and nutritive value of foodstuffs constitute an importent 
problem. According to Hutchinson (“Food and Principles of Dietetics”’, 
Pp. 396), cooking increases the digestibility of vegetable foodstuffs, tut 
decreases that of animal foodstuffs. Heiribecker (J. Biol. Chem., 1928, &0, 
462) states that the Eskimo in his native condition eats practically raw flesh 
and remains healthy. But in those parts, where owing to the spread of 
civilisation, the Eskimo eooks his meat, health has deteriorated and scurvy 
occurs. Much work on the effect of cooking on the nutritive value of focd- 
stuffs has been carried out in England by McCance and co-workers. 

In the present work the effects of different methods of cooking, frying 
and boiling for different periods of time on the digestibility of the proteins of 
fish, which constitutes an impartant article of diet in Bengal, have been 
investigated. “The digestions have been carried out in vitro by pepsin, try p- 
sin and by pepsin followed by trypsin. 


EXPHRIMENTAL, 


The edible portions of the fresh fish samples, purchased from the local 
market, were cut into small and equal pieces. Each of the pieces from ~he 
same part of the body of the same fish was divided into 4 equal portions in 
order to naintain uniformity as far as possible. Of these four samples (a) one 
was kept raw, (b) one was fried in mustard oil till the colour of the fish was 
dark brown, as is done in the domestic kitchen in Bengal, (c) one was cooked 
for 20 minutes in boiling water and (d) one was under-cooked in boil-ng 
water for ro minutes. ‘These are referred to as raw, fried, cooked and uncer- 
cooked respectively in the tables which give the averages of the determina- 
tions of three samples in each case. After cooking the pieces were allowed 
to,cool, any obvious fat and connective tissue were removed and the remein- 
ing portion was minced in an ‘ Enterprise’ mincer before digestion. 
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Peptic Digestion.—The following experiments were carried out with 
(a) 75 g. of raw fish, (b) 75 g.-of raw fish: after frying,. (c) 75 g. of raw fish 
after boiling for 20 minutesand (d) 75 g. of raw fish ‘after boiling for xo 
minutes. 75 G. of the tissue were treated with 75 c.c. of distilled water and 
left ina refrigerator overnight. Nexed day‘the px of the medium was 
adjusted to 2-0 with the addition of hydrochloric acid and the flask kept in a 
thermostat vat 40° for half an hour. 10 C.c.- of a 10% pepsin solution 
(Merck’s) were then added to the mixture and the mixture incubated 
for 3 hours.- 10 C.c. of the mixture were withdrawn from time to time and 
added to 50 c.c. of 95% alcohol and titrated with N /25 alcoholic caustic 
potash solution by means of a micro-burette (Willst&tter’s method)..:. ach. 
time a blank experiment was made by just adding the enzyme to the‘subs- 
trate and titrating immediately. Results are given in--Table I. 














“Tai 
; Digestibility of fish protein with pepsin. 
Bengali Zoological name. Time of No. of cc. of N/25 alcoholic KOH. 
mame. - = - digestion. -_—-— ———, 
: - Raw. Fried. _ Cooked. Under- 
‘ cooked. 
(a) (b) (¢) (d) 
Robu Labeo rohita 60 min. 0°76 0°68 0-77 1-20 
: : 120 - I-40 0-82 0°92 1°45 
180 1-56 1-20 1°32 1-63, 
Hilsha Clupea ilisa 60 1530 0-86 0°96 1-28 
120 _ 165 I-21 135 1-68 
180 1°72 I-52 1-62 1-84 
Shinghi Saccobranchus fossilis 60 I-25 0-92 O88 - I+3t 
120 1.69 r05 1°23 170 
180 1-88 1°34 1°45 1°92 
Koi Anabas testudineus 60 “Tr30 0-98 1-25 1-45 
120 1.62 25 . 1638 _ - 1652 
180 1-72 145 Ie52 1 83 
Mrigal Cirrhina mrigala 60 _ . 088 _. 0.73 o-8r 0-06 
120 1°20 0-88 ers 1 23 
bus j ~ 180 r'49 1-16 W352 | 343 
Kalbasu - Labeo calbasu _ 60 082 ~ 0°73 o-8r 0-96 
120 ~ 1200” 0.88 135 I ar 
: . 180 r49 r-16 1°35 1+52 
Tengra _ : 60 0-92 0-742 0-75 0°73 
120 1-ro 0-96 0°96 r°ro 
; . 180 1-35 1°28 1:32 1-65 
Parshey - Mugil parsia 60 I.I10 082 I°12 -2I 
120 1-30 1-25 1.26 1-36 
ue 180 1°73 I-55 1-63 180 
Boal- ~-‘Wallago attu 60 0-66 O55 o:62 o78 
; 120 0.89 0°78 o°9oL 0°96 
7 180 ~ 1°30 0-97 1-2z “1-38 
Shole Ophcephalus striaius 60 0:95 - OFS 0-72 rms 
. 120 1°20 I°20 I’or 1s 


189 1°63 I°50 1°52 172 


‘ 
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Tryptic Digestion —In these experiments 10 c.c. of a10% ‘solution of 
activated trypsin were added to 75 g. of the minced tissue (which had ben 
heated with 75 c.c. of distilled water at 40° for half an hour) after adjusting 
the pu of the mediutn to 8-5 by means of caustic potash solution. ‘The deter- 
mination of tryptic hydrolysis was carried out in the same way as in pep-ic 
digestion. In these experiments alsoa preliminary biank experiment was 
carried out in each case. Results are given in Table II. 

The trypsin used was activated by means of cystine in the following way 
before use. xo G. of trypsin (Merck) were- placed in .a 100 c.c. measuring 
flask with s0c.c. of water, 5c.c. of phosphate buffer (M/15) at pa 5 


Tasie IL. 


“ 


Digestibility of fish protein with activated trypsin. 











Bengali Zoological Time of- No. of c.c. of N/2g alcoholic KOH. 
name. ‘name. digestion - —_— a -—— 
Raw, Fried. Cooked. Under-cooked. 
; (a) (b) (c) (a) ' 
Rohu Labeo rohita 60 minute 0°54 0°53 * 0°62 00 | 
120 0°96 0°82 o°"77 rar - 
180 1°23, 1°03 x28 1°35 
Hilsha Clupea ilisa 60. r°20 0°72 0°83 1-40 
_  I20 . 1°42 LIE 1°25 1-53 
180 X53 1°50 x58 I: 
Shinghi Saccobranchus 60 .  r20 0°92 0°82 I°25 
fossilis 120 1°42 I°I5 1-20 1°53 
180 1-63 1°30 1°44 x-68 
Koi Anabas testudineus 60 ros 8B 0-82 I+IZ 
120 1-26 X-O1 1-25 I-23, 
180 r°g2 I-43” 148 1-64 * 
Mrigal ‘Cirrhina mrigala 60 9.65 0-62 O63 - 0°74 
; ; 120 0-83 0-78 0°92 I-20 
180 - 136 1°25 1°32 1-42 
Kalbasu Labeo calbasu . 60 0°53 0-50 0-63 0°66 
120° 0.84 0-73 0°79 0-66 
186 r°20 06 *—ox-6 I-42 
Yengra — 60 0°83 ~, 066 ~ oo 0-84 
120 1°02 0°96 0:86 I-12 
; 180 1-45 I-I7 1-29 1-63 
Parshey Mugil parsia - 60 0-84 0°62 O-gr I-rg 
nae 120 1-02 0-73 120 I-31 
180 a5 I-20 1°33 1°45 
Boal Wallago atiu 60 Ie25 I°ro0 1-26 1-20 
- 120 1-39 - 1-28 14a 1-58 
180 I-52" 148” 1°56 1-63 
Shole Ophcephaius 69 1-02 0-86 0°88 1-41 
. striatus mo | 1-26 1-20 1-36 1-38 


180 ~ 1°73 ae ° 18x 1-88 
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Taste III. 


Digestibility of fish protein with pepsin and trypsin. 











Bengali Zoological Time of No. of c c. of N/ag alcoholic KOH 
name. flame. digestion. ——— -—s+ — + 
5 : Raw. Fried Cooked. Under-cooked. 
(a) (b) (c) {d) 
Rohu Labeo rohita 60 min. 1-20 1-13 1°25 1-36 
_ 420 1-82 1-46 1:53 1-92 
Hilsha Clupea tlisa 60 I°52 ro I-00 I-21 
120 1-65 +32 1°43 1°82 
t : : 
Shinghi Saccobranchus 60 1°33 Lar +307 1°52 
fossilis £20 1-78 1-43 163 1-84 
Koi Anabas testu- 60 "352 1°22 1-38 16x 
dineus wo 28) 182 82 1-76 1°86 
Mrigal Cirrhina mrigala 60 I°20 0°92 I-2X I 3r 
= : - 120 1-55 I-32 1°43 . 1°78 
Kalbasu Labeo calbasu 60 X-21r 0-89 Ils I-4r 
. 120 1-53 1-28 1°48 1-63 . 
Tengra ae 60 _ 162 1-38 _omtge 1°730~«S| 
120 1-85 1°45 168 1-93 
Parshey Mugil parsia ~ 60 | rar rr2  -T-a2 1-36 - 
 T2700Ci«*«*:*~<«‘«‘a 1°42 +53 1-68 
Boal Wallago attu 60 0°92 0-82 0-76 1°35 
wo 8 8. 1°46 1-20 1°36 I-72 
Shole Ophcephalus 60 1°22 rrro 0-99 1°33 
striatus 120 _. 169 1-28 » , 1°43 — 196. 


and 5cc. of o’005M cystine solution at bu 8's (Grassmann, Z. physiol. 
Chem., 1930, 186, 183). ‘The flask was then kept in a thermostat. for 
30 minutes at 40°. The volume of the solution was made upto roo c.c. 
with the addition of water heated to 40°. 

Combined Action of Pepsin and Trypsin.—Fish (75 g.raw or after 
treatment) was tréated with 75 c.c. of distilled water and the ga of the 
mixture adjusted to 2°o with Aydrochloric acid. Pepsin (10%, ro c.c.) was 
added in each of the flasks, which were incubated for 3 hours at 40°. 
The mixtures were then neutralised with caustic potash solution and the 
ba was adjusted to 8'5 and tréated with activated’ trypsin as described 
above. Results are shown in TableIIl. —~ : 


Drs€uUSSION. 


From the foregoing results it appears that the rate of digestion varies 
from species to species, which is apparently connected with differences in the 
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composition of the proteins of the fish. The rate of digestion of fish under- 
cooked in boiling water is greater than that ofraw, fried or thoroughly 
cooked fish. This may be due to possible destruction of anti-enzymic 
properties in the undgr-cooked fish, while the proteins at this stage are not 
markedly denatured, which might have hindered the rate of hydrolysis. 
These findings are in agreement with those of Clifford (Biochem. J., 1930 
24, 1729) who states that overcooked meat is very slowly digested as com- 
pared with underdone meat and the maximum rate of digestion is obtained 
with the latter. With all the species. under investigation the rate ot 
hydrolysis is found to be greater in peptic digestion than in the tryptic 
except in the cases of Boal (Wallage attu) and Shole (Ophcephalus striatus 
where the results are reversed. When peptic digestion is followed by 
tryptic digestion hydrolysis is more complete than in the case of pepsir 
or trypsin alone. The results would indicate that in the normal process 
of digestion in vivo, the break-down of fish proteins would be fairlr 
complete. But, as indicated above, in general the digestibility is the 
greatest with underdone fish as compared with raw, fully cooked or fried 
fish. In the case of the last two, digestibility is obviously impaired b~ 
denaturation, hardening and drying of the proteins. 


My best thanks are due to Prof. B. C. Guha, for his kind interest and 
advice and aiso to the Indian Research Fund Association for a reseaica 
grant. * : : 
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o-ALDEHYDO-CARBOXYLIC ACIDS. PART Ill. A SYNTHESIS, 
OF 4:5 METHYLENEDIOXYPHTHALALDEHYDIC ACID ” 
AND NEW SYNTHESES OF 4- AND 5-METHOXY- 
PHTHALALDEHYDIC ACIDS. 


By SATYENDRA Nats CHAKRAVARTI, MAHADEVAN SWAMINATHAN AND 
P. R.-VENKATARAMAN. 


4:5-Methylenedioxyphthaladeydic acid (V), for the synthesis of which 
an unsuccessful attempt was made by Stevens and Robertson (J. Chem. 
Soc., 1927 2791) has been synthesised by us by methods similar to those 
employed in the case of the opianic acids (Chakravarti and pianune es 
J. Indian Chem. Soc., 1934, 11, 715, 873). 

4:5-Methylenedioxyhomophthalic acid (I), prepared by the hydrolysis 
of 4:5-methylenedioxy-2-carboxyphenylacetonitrile (Edwards, J. Chem. Soc., 
1926, 817) has been oxidised in boiling xylene solution by means of selenium 
dioxide to 4:5-methylenedioxyphthalonic acid (II), which is isolated as its 
aniline salt (III), which is then transformed to anilino-4:5-methylenedioxy- 
phthalaldehydic acid (IV) by boiling in dry xylene and which in its turn 
is hydrolyseé to 4:5-methylenedioxyphthalaldehydic acid, m. p. 167°. 
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4:5-Methylenedioxyphthalaldehydic acid (V) gives on reduction with 
sodium amalgam 4: 5-methylenedioxyphthalide ( VII ), which’ is also 
obtained by decarboxylating 4: 5-methylenedioxyphthalide carboxylic 
acid (VI), obtained by the reduction of 4: 5-methylenedioxyphthalonic acid 
(Il) by means of sodium amalgam. — 
: 5 Methoxyphthalaldehydic acid (X) has been synthesised in the following 
manner. 2-Methyl-4-methoxyacetophenone (VIII) (cf. Noller and Adams, 
J. Amer. Chem. Soc., 1924, 46, 1893) is oxidised by means of potassium 
permanganate to 5-methoxyphthalonic acid (IX), which in its turn is 
converted into 5- cy acid (X) via the sodium bisulphite 
compound. 


COMe Co'COOH CHO 
oe me COOH _, COOH 

OMe OMe OMe 
(VIII) - (IX) (x) 


- When 2:6-dimethoxynaphthalene is oxidised, 5-methoxyphthalonic 
acid (IX) is found as the main product and 4-methoxyphthalonic acid (XII) 
is formed only in minute quantities (Chakravarti, J. Indian Chem. Soc., 
1933, 10, 695). It was, therefore, thought that it may be possible to obtain’ 
4-methoxyphthalonicacid in better yields by the oxidation of 2:7-dime- 
thoxynaphthalene. On the oxidation of 2:7-dimethoxynaphthalene (XI), a 
mixture of methoxyphthalonic acids was obtdined which is converted 
into the corresponding methoxyphthalaidehydo acids through the bisu!- 
phite compound. 


Meo’ \CO‘COOH mr 
an > 
COOH ee 
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It has been observed that 4-methoxyphthalaldehydic acid (XIII), m. p. 
141°, is more soluble in water and much less soluble in. benzene than 
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5-methoxy-acid (X), m. p. 144°, and this property has been utilised for se- 
parating the two isomers in a state of purity by a careful series of fractional 
crystallisations from benzene and water. ‘Ihe constitutions of these acids 
(XII) and (X), (m. p. 141° and 144° respectively), obtained from the oxida- 
tion products, are established by direct comparison ‘with authentic 
specimens, synthesised by methods which leave little doubt asto their 
constitution (Chakravarti, loc. cit. p. 697; Chakravartiand Swaminathan, 
luc. cit. p. 875). : : 
An account of the synthesis of the remaining methoxy- and methylerie- 
dioxy-o-aldehydocarboxylic acids is reserved for a future communication. © 


EXPERIMENTAL. 


Aniline Salt of 4:5-Methylenedioxyphthalonic Acid (II1).—4:5-Methylene- 
dioxyhomophthalic acid (5 g.) was suspended in dry xylene (400 c.c.) and the 
mixture heated to boiiing. To the boiling mixture, selenium dioxide (3°3 g.) 
was added and the boiling continued for 3 hours, when the homophthalic 
acid gradually went into solution and a deep red solution containing a black 
deposit of selenium was obtained. The mixture was thoroughly extracted 
with dilute sodium carbonate solution and the combined extracts 
just acidified and evaporated to dryness. ‘The residue was then taken up 
in boiling water (60 c.c.), filtered from a little insoluble residue and the 
filtrate treated with aniline (4. c.). The mixture was heated for 4 hour 
on the water-bath when the aniline derivative of 4:5-methylenedioxyphthalo- 
nic acid (III) separated (4 g.) The aniline derivative crystallised from 
alcohol in plates, m. p. 190°. : : ; 

The p-totuidine derivative, prepared in a similar manner, crystallised” 
from ethyl alcohol in leafiets, m.p. 193°. (Found: C, 66°6; H, 5°3. 
CosHo,0,N2 requires C, 66°4; H, 5° per cent). 

Anilino-4:5-methylenedioxyphthalaldehydic Acid (1V).—The aniline salt 
(2 g.)- was suspended in dry xylene (20 c.c.) and the mixture 
refluxed for 14 hours, when a cleer solution resulted. On cooling, the aniline 
derivative of 4:5-methylenedioxyphthalaldehydic acid separated, which afte1 
repeated crystallisation from aicchol was obtained as colourless plates, m. p. 
187°. (Found.C, 666; H, 4’. CisHi:O,N requires C, 669; H, q'x 
per cent). S 

4:5-Methylenedioxyphthalaldehydic Acid (V).—The aniline derivative 
(IV) (x°5 g-) was heated with dilute hydrochloric acid (x0 c.c.) on the steam- 
bath for x hours. On cooling an acid separated in clusters of needles 
which, after recrystallisation from water and drying at 100°, melted at 
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167°,. It is readily soluble in alcohol, moderately soluble in benzene and 
practically insoluble in petroleum ether. (Found: C, 55°5; H, 31 C,H,.O; 
requites C, 55°7; H, 3° per cent). 

4:5-Methylenedioxyphthalide-carboxylic Acid (V1). -—The compound (I) 
(5 g.) was oxidised*under the conditions described above and the solu- 
tion of the crude phthalonic acid in water (soc.c.) was reduced by the 
gradual addition of sodium amalgam (100 g., 4%). The filtered solution 
was acidified, when the acid (VI) separated in clusters of shining needles, 
m.p. 223°, yield 2 g. It was recrystallised from water. (Found | 
C, 53°90; H, 3°0. CHO, requires C, 54°1; H, 27 per cent). : ; 

4:5-Methylenedioxyphthalide (VIL).—The acid (V) (03 g.), dissolved in 
dilute sodium hydroxide solution (5%, ro c.c.), was reduced with excess 
of sodium amalgam (4%, 10 g.). The aqueous solution separated from the 
mercury, was filtered and acidified strongly and heated on the steam-bath 
for 15 minutes, when, on cooling, the phthalide separated in almost theore- 
tical yield as prismatic needles, m p. 189° after crystallisation from water. 
It is sparingly soluble in benzene and almost insoluble in petroleum ether. 
It dissolves readily .in methyl and ethyl alcohols.. The -phthalide was 
also obtained by decarboxylating acid (VI) in boiling quimoline solution 
with copper chromite as a catalyst. The mixed m.p. of the specimens, 
ee by the two methods, remained undepressed. (Found: C, 60'5; 

H, 36. CoH,O, requires C, 60°6; H, 3°4 per cent). : 

_ 5- Methoxyphthalaldehydic Acid (X)—Toa mixture of 2-methy]-4-- 
methoxyacetophenone (VIII) (24 g.) and potassium carbonate (12 g. in 
240¢.¢. water) heated on the steam-bath, a hot solution of potassium 
permanganate (90 g. in goo c. c. water) was gradually added with stirring. 
After the addition of all the permanganate, the whole was further heated 
for 4 hour on the steam-bath and filtered. The filtrate and the 
washings of the manganese precipitate were made just acid with hydro- 
chloric acid and concentrated to a smail volume. The hot liquid was 
then made alkaline with ammonia and treated with a concentrated solu- 
tion of calcium chloride (48 g.) in water. The precipitated calcium 
salt (25 g.) was filtered, washed with water and then suspended in water. 
The mixture was heated to boiling, acidified with hydrochloric acid and 
the resulting solution cooled and extracted with ether (5 times). The 
ethereal extract was dried over sodium sulphate and the solvent removed, 
The residue was neutralised with dilute’solution of sodium carbonate and 
evaporeted to dryness. Freshly prepared sodium hydrogen sulphite solu- 
tion (75 c.c. of 15%) was added to the salt and the whole evaporated tc 
dryness on the steam-bath. The residue was further heated for one 
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hour at 120° in an air-oven and then twice stirred up with excess. of 
hydrochloric acid and evaporated to dryness on the steam-bath in an open 
dish. ‘This residue was then extracted twice with boiling benzene and 
the combined benzene extract concentrated to a small volume and allowed 
to remain when the acid (X) gradually separated (8 g.). It crystallised 
from water in beautiful silky needles, m. p. 144°. (Found: C, 59°8; H, 4°7. 
C,H,O, requires C, 60°0 ; H, 4°4 per cent). 

Oxidation of 2:7-dimethoxynabhthalene (XIJ).—2:7-Dimethoxynaphtha- 
lene (prepared by methylation of 2 : 7-dihydroxynaphthalene with dimethyl 
sulphate in alkalne solution) was oxidised and the product of oxidation- 
(a mixture of phthalonic acids)~ converted into the corresponding 
phthalaldehydic acids, under conditions similar to those described for 2:6- 
dimethoxynaphthalene (cf. Chakravarti, loc. cit.). The fine] benzene 
extract on cooling deposited crude 4-methoxyphthaialdetydic acid 
contaminated with some 5-methoxyphthaialdehydic acid (A). The whole 
was filtered and the residue (A) was twice crystallised from benzene and then 
from water when 4-methoxy acid (XIII) separated in: balls of minute 
prismatic needles, m.p. 141°. (Found: C, 50.9; H, 4°6. Calc. for CsH,0,: 
C, 60°o ; H, 4°4 per cent). A mixed melting point with 4-methoxyphthal- 
aldehydic acid previously synthesised (Chakravarti and Swaminathan ioc. cit.) 
caused no depression. : 

The benzene mother-liquors from (A) were concentrated to a very 
small volume and the solid which separated was repeatedly crystallised 
from hot water when 5-methoxypnthalaldehydic acid (X) was obtained in 
beautiful long needles, m.p. 144°. (mixed m. p. with an authentic 
specimen previously synthesised, Chakravarti, loc. cit.). (Found: C, 59°8 ; 
H, 4'5. Calc. for CsH.O, : C, 60’0 ; H, 4°4 per cent). 

Pure 4-methoxyphthalaldehydic acid (XIII) is sparingly soluble in- 
benzene and very easily soluble in water, while 5-methoxy acid (X) is 
inuch more soluble in benzene and less soluble in water. : ; 

During the oxidations considerable quantities of 2:7-dimethoxynaphtha- 
lene were recovered unchanged (8 g. from 20 g.) by extracting the pre- 
cipitated manganese dioxide etc. with boiling acetone. This shows that- 
probably better yields of the oxidation products could be obtained by 
oxidising the corresponding hydroxymethoxynaphthalenes. This point is- 
being investigated. - 

Part of the work recorded in this paper was done at Annamalainaga 
during 1935-1936. 
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CHEMICAL EXAMINATION OF BLEPHARIS EDULIS, PERS, 
PART Ill. CONSTITUTION OF BLEPHARIN. 


By Jacray Breuari LAr. 


Blepharin, CygH2jOi, m.p. 222°, is an optically active A-glucoside, containing 5 
hydroxyl groups and gives on acid hydrolysis the aglucone, m.p. 178°. 


In Part I of this series of communications (J. Indian Chem. Soc., 1936, 
18,.109) the author has recorded the isolation of a crystalline bitter giucoside, 
blepharin (m.p. 222°) in addition to a colourless nitrogenous compound, 
identified as allantoin. Blepharin crystallises in beautiful shining colouriess 
crystais from alcohol, acetone or water, either in the form of long rectan- 
gular plates or rhombic prisms. 

It has the molecular formula CisHooO.. ‘The air-dried crystals of 
blepharin as obtained from rectified spirit and moist acetone have the 
composition CysH2.O1, 14 H,O. It is a A-glucoside and is optically 
active. 

Anhydrous biepharin does not contain any methoxyl or ethoxyl group, 
but contains five alcoholic hydroxy] groups, as it forms a pentacet) 
derivative, silky needles, m.p. 183°; pentacarbethoxy derivative, silky 
needles, m.p. 191° after shrinking at 185° ; and a- penta-p-nitro-benzoyl 
derivative, m.p. 264° after shrinking at 258°. Blepharin is saturated and 
does not contain any ethylenic double bond. On bromination in chloroform 
it chars and crystalline derivatives cannot be isolated. In blepharin aidehydic 
or ketonic groups are absent, as it neither gives any colouration with Schif’s 
reagent nor does it react with hydroxylamine, phenyl semicarbazide or 
phenylhydrazine. On hydrojysis with dilute hydrochloric acid it gives the 
aglucone as stout prismatic needles, m.p. 178°, which is being further inves- 
tigated. " 


ms Ex PERIMENTAL. 


Blepharin is optically active, a sample crystallised from alcohol having 
[a]?4*5,+12x°5° (c, 0°7676). It is hydrolysed by emulsin at room tempera- 
ture (30°) and is therefore a 8-glucoside. [Found in air-dried sample from 
water: G 47°97, 48°04; H, 5-61, 5°73; loss at 120°, 7°20. (micro) C, 47°91, 47°35; 
H, 5°58, 5°66; loss in vacuum at 100° (micro), 6°36, 7°10. CisHooO10, 13 HO 
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requires C, 48-12; H, 5°76; loss, 6°77 ‘per cent]. [Found in sample dried 
in high vacuum at ro0o° (micro): C, 51-24, 51-32; H, 5°34, 5:40. Found in 
sample dried at 120°: C, 51-47; H, 5:42; M.W. in water (ebulioscopic), 360, 
392; M.W. in phenol (cryoscopic), 360, 330. CysHevOxo requires C, 51-62; 
H, 5°38; M.W., 372. Found in air-dried sample from alcohol: C, 4824, 
48°05; H, 5-44, 5-60; loss at 120°, 6-99. CisHeoO.o, 14 H2O requires C, 48-12; 
H, 5°76; loss, 6-77 per cent. Found in sample from alcohol dried at 120°: C, 
51°48; H, 5-42. Found in air-dried sample from-moist acetone: C, 48-85, 
49°08; H, 5-50, 5:63;-loss at 120°; 5-44. CysF120010, H2O requires C, 49-22; H, 
5-64; loss 4°62 per cent]. 

Carbethoxyblepharin was prepared by adding ethyl] chlorocarbonate 
(13 g.) drop by drop to a solution of blepharin (1°8 g.) in pyridine (30 c.c.) 
and cooling the mixture in tap water. After 3 hours the product was 
poured into water when an oily mass separated which was washed with water | 
and on’ standing overnight under water solidified and crumbled to a fine 
powder. It was filtered, well‘washed and driedinair. After two crys- 
tallisations from boiling alcohol it was obtaimed as beautiful, large silky 
needles, m.p. i61°5°. It is insoluble in boiling water, ether and petroleum 
ether, and is very soluble in cold pyridine, chloroform and carbon tetra- 
chloride. It is fairly ‘soluble in cold ethyl] and methyl alcohol. It is 
very slightly soluble in cold acetone, ethyi acetate, amyl alcohol, 
benzene and more in the boiling solvents. [Found: C, 50-70, 50-72; H, 
5°42, 5°50; loss at 125°, 0°23; M.W. of sample dried at 120° (ebulioscopic) in 
ethyl alcohol, 708, 729. CieHisO10 (COOC2H;), requires C, 50°81; H, 5:46 
per cent. M. W., 732]. : 

Acetylblepharim.—A mixture of blepharin (2 g.), anhydrous sodium 
acetate (2 g.) and acetic anhydride (17 g.) was heated under reflux at 120° 
for 5 hours aud the cooled mixture was poured into a large volume of water; 
ou keeping siiky needles separated which were filtered, washed and dried in 
air, m.p. 167-168° after shrinking at 151°, yield 1-95 g. ‘The product after 
two crystallisations rom smali quantities of ethyl alcohol was finally crystal- 
lised from hot diiute alcohoi as tiny glistening needles, m.p. 183°. It is very 
soluble in cold alcohol, acetone, ethyl acetate, pyridine, chloroform and very 
slightly in benzene, amyl alcohol, ether and petioleum ether. [Found in 
air-dried sample: C, 53° 35» 53°40; H, 5-10, 5°14; CHsCO, 36:4, 36-7; loss 
at 120°, 042; M.W. in ethyl alcohoi (ebulioscopic), 581, 552. CrsHisOr0 
(CO CH3)s requires C, 53°61, H, 5°16; CH3CO, 36-88; M.W., 581). : 

p-Nitrobenzoylblepharin.—To blepharin (1-6 g.), dissolved in pyridine 
(30 g.), finely powdered p-nitrobenzoyl chloride (zo g.) was added with 
vigorous shaking during the course of 3 hours. The mixture after 
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standing overnight was treated with excéss of water when a viscous liquid 
separated, which on treatment with a solution of sodium bicarbonate became 
solid and crumbled to a fine white powder. It was filtered, washed repea- 
tediy with water, dried in air, m.p. 254° after shrinking at 258°, yield 
45g. Itis almost insbluble in water, hot ethyl and methyl alcohol, acetone, 
ethyl acetate, chloroform, benzene, ether and petroleum ether but extremely 
soluble even in pyridine and fairly in hot dilute pyridine. On crystalli- 
sation from hot dilute pyridine after washing with water and drying in 
air the crystals melted at 264° after shrinking at 258°. It did not suffer any 
joss on dtying in an air-oven at 125° for 12 hours or on heating at r10° in 
high vacuum over calcium chloride. [Found: C, 54°58; H, 3°29; N 63, 65. 
CieHisO5 (C7H,NO,); requires C, 54°8; H, 3°14; N, 6°3 per cent). 

O-Methylblepharin was obtained in poor yield by methylating blepharin 
(2 g.) in alkaline solution with methyl. sulphate (30 g.) in the usual manner. 
It melted at 130° (decomp.) after shrinking at 128°. 

GENERAL RESEARCH SECTION, 
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THE CONSTITUENTS OF ALKANET ROOT (ANCHUSA 
TINCTORIA, LAM) PART II. ANCHUSIN AND 
ITS DERIVATIVES. 


wy» By DN. Mayompar ann (Lae) G. Cc. CHAKRAVARTY. ae 


ae 


A new colouring matter, anchusiz (CygH3g09),-has been isolated from alkanet root. 
Anchusin is probably an anthraquinore derivative containing ‘three hydroxyl groups, « 
two of which are phenolic. §-Methylanthracene has been isolated by the distillation 
of anchusin with zinc dust under reduced pressure. The oxidation and bromination of 
anchusin have also been studied. a . 


While the controversies regarding the constitution of alkannin, one of 
the colouring matters of alkanet, were going on (Betrabet and Chakravarty, 
J. Indian Inst. Sci., 1933, 16A, 41) we thought it desirable to search for 
other colouring matters in the alkanet root asit is usually found thata 
naturally occurring compound is invariably associated with other compounds 
of the same type. 

Gawalewski (Chem. Zentrl. 1902, II, roor) found that the alkanet roots 
contain also two colouring matters, anchusic acid (C3>H390,) and alkanic acid 
(Cs 9H2g03) and Erikson (Ber. Deut. Pharm. Ges., 1910, 20, 202) observed that 
of the two pigments one gives blue and another green solution with alkalis. 

Anchusin has been obtained from the residue of the powdered alkanet 
root after extraction with petroleum ether. It is purified by precipitating 
the chloroform solution with benzene in which alkannin is very soluble 
whereas anchusin is very sparingly soluble. The precipitated anchusin is 
finally crystallised from alcohol in dark red micro-crystalline powder. The 
analytical results of anchusin and the analyses of the potassium derivative 
and the barium compound show that the molecular formula of anchusin is 
(CipH120s)5. On acetylation a triacetylanchusin and tetra-acetyleuco- 
anchusin are obtained. Benzoylation gives a tribenzoyl derivative. The 
results indicate the presence of three hydroxyl groups in anchusin molecule 
and also an easily reducible carbonyl group. Methylation of anchusin gives 
a dimethoxy derivative which on further acetylation gives a dimethoxy- 
acetyl derivative showing thereby that two of the three hydroxyl groups are 
phenolic in character. . 

When distilled with zinc dust under high vacuum anchusin yields a 
small quantity of methylanthracene together witha yellow oil of peculiar 
smell. Anchusin thus appears to be an anthracene derivative. 
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‘On - oxidation with .2N-nitric. acid- anchusin yields four different 
nitrogen-containing carboxylic acids of. high-melting -points and oxalic acid. 
‘The yields of the acids are not sufficient for their identification: 

It thus appears that alkannin and anchusin possess molecular comple- 
xity of the same order and the latter may be more saturated’ than the former. 
Moreover, it has been observed that on oxidation -of alkannin with 2 N-nitric 
acid under similar-condition it also givesa mixture of nitrogen-containing_ 
carboxylic acids of similar complexity. In spite of .their non-identificatior 
it may be presumed that there is a good deal of similarity between these 
two colouring matters and both are derivatives of anthraquinone. . 

From.the residue left after the extraction of anchusin, a third colouring 
matter has been isolated with chloroform which is insoluble in ether anc 
benzene but soluble in chloroform. It gives indigo-blue solution witk: 
caustic soda and potash. We propose to designate it as “Tinctorin’ insteac 
of alkananin, (Proc. Ind. Sci. Congress, 1933. p- 206). Further work is ar 
progress, : “£ 


EXPERIMENTAL. 


Isolation of Anchusin ~The powdered root bark (20 lbs) was extracted 
first with petroleum ether (50-60°) to remove alkannin and wax in a 
modified Soxhlet apparatus (Sando, Ind. Eng. Chem., 1924, 16, 1125) till 
the final extract was colourless. ‘The residues, left after extraction, wer2 
freed from thé solvent and the dry powder was again. extracted with ethe 
in the same apparatus. ‘The ethereal extract was freed from the solvent 
and a dark red amorphous and brittle product was obtained (8% of ths 
root bark’. It was digested with boiling benzene and the insoluble residuz 
was dissolved in chloroform and precipitated with benzene. The process 
was repeated twice. Anchusin, thus obtained, was further purified bz 
crystallisation from alcohol when it was obtained as a dark red micre 
crystalline powder, decomposing above 300° with @volution of browa 
fumes after shrinkage at 185°. It is soluble in alcohol, acetone, acetic acic, 
pyridine, chloroform and sparingly soluble in benzene and ether and insolubE 
in petroleum ether. It can be precipitated from its green alkaline solutioa 
with acid. (Found : C, 66°8; H, 6°7. CsoHseOs requires C, 66°67; H, 66 
per cent). ‘ 

The barium salt was prepared from alcoholic solution of anchusin (5 ¢g ) 
with an ammoniacal solution of barium chloride. The greenish precipitate 
was filtered and washed thoroughly with water, alcohol and ether. [Found: 
Ba, 12 7. (CsoHssOo)2 Ba requires Ba, x1°3 per cent]. 
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_ The potassium salt was obtained by treating an alcoholic solution of 
anchusin (5 g.) with an excess of alcoholic potash and the green precipitate 
was washed with alcohol and ether. (Found: K, 12°16. CyH3.0.K . 
requires K, 12°68 per cent’. 

Barium Fotasstum Compound.—An aqueous solution of the potassium 
salt of anchusin (5 g.) was mixed with barium chloride solution. ‘The 
precipitate was washed with hot water till free from potassium 
chloride. [Found: Ba, 10'98. (Cs>HssO) K), Ba requires Ba, 10°64 
per cent]. ; 

Triacetylenchusin.—Anchusin (50 g.), fused sodium acetate (100 g.) 
and an excess of acetic anhydride were heated under reflux for 5 hours at 
130-40°. The crude acetyl derivative was washed with dilute alkali 
and then with water and the dry compound was again washed with boiling 
absolute alcohol several: times to remove last traces of anchusin., The 
residue was dissolved in ethyl acetate and precipitated with absolute alcohol. 
It was crystallised from glacial acetic acid in microcrystalline powder, 
decomposing at 212-15° with shrinkage at 175-76°. [Found: C, 652; 
H, 6°05 ; COCH;, 19°3; M.W. (Walker, Lumsden and Mc.Coy, J. Amer. 
Chem. Soc., 1900, 28, 353), °634°6. CooHss309(COCH,). requires C, 64°86 ; 
H, 6°3 ; COCHs, 19°3 per cent. M.W. 666). 

Tetraacetyl-leuco-anchusin.—A mixture of anchusin (15 z.), acetic 
anhydride (300 c.c.), zinc dust (45 g.) and fused sodium acetate (45 g.) was 
heated under reflux for 5 hours at 130-40°. After cooling the filtered deep 
yellow solution was poured into an excess of water and the yellow preci- 
pitate was collected and washed with dilute alkali and water. It was dis- 
solved in ethyl acetate and precipitated with petroleum ether and washed 
with boiling absolute alcohol. The residue crystallised from glacial acetic 
acid in deep yellow crystalline powder, mn.p. 210° (decomp.) shrinking at 
rgo-91°. [Found : C, 654; H, 6-1; COCHs;, 24-77. CsoHssOo (COCHS), 
requires C, 64-3; H, 6-4; COCHs, 24-3 per cent] 

Dunethoxyanchusim- was prepared from an alkaline solution of auchusin 
with dimethyl sulphate. The crude product was dissolved in chloroform and 
precipitated with petroleum ether and the precipitate digested with absolute 
alcohol and the residue crystallised from glacial acetic acid as microcrystall- 
ine powder, m.p. 240-42° (decomp.). It isa dark brownish powder, insoluble 
in benzene, petroleum ether aud alcohol but soluble in acetone, chlo- 
roform, pyridine and ethyl acetate. [Found : C, 67-4; H, 6-9; OMe, xo-s. 
Cs9H3.07 (OMe). requires C, 67-6; H, 7°0; OMe, 10-9 per cent]. 

Dimethoxyacetylanchusin —Methoxyanchusin (5 g.) was acetylated as 
before and the product was extracted with benzene and precipitated with : 
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petroleum ether. It was crystallised from glacial acetic acid in brow 
crystalline powder, ~ not’ melting -up: to 330°. It is soluble .in- benzene, 
chloroform, ethyl acetate, pyridine, glacial- acetic acid but insoluble im 
methyl and ethyl aicohol and petroleum ether: [Found :-C, 67-3, H, 6-53 
COCHs, 7-4 ; OMe, of ‘8. CsoHs307 (OMe), COCH; requires C, 66-9 ; H, 60 5 
COCH;, 7:0; OMe ro-ro per cent]. 

Tribenzoylanchusin was prepared from anchusin é a5 in pyridin= 
solution with benzoyl chloride. The crude product was dissolved in acetone, 
dehydrated with sodium sulphate and the residue, after the removal of th2 
solvent, was dissolved in benzene and precipitated with petroleum ether. 
It was finally digested with absolute alcohol and the residue precipitated 
from benzene with petrol as brown powder, m.p. 226-28° (decomp.). [Founé: 
C, 72°0 ; H, 5:5. CsoHss05 (COC,Hs)s requires C, 71-8; H, 5-63 per cent]. 

Bromination of Anchusin.—(1) Finely powdered anchusin (3 g.) was placed 
ou a watch-glass and kept in a desiccator with an excess of dry bromine. 
The solid was occasionally stirred. A sticky mass was obtained after 5 days 
and was freed from excess of bromine by evacuation. ‘The dark browa 
powder, thus obtained, was crystallised from absolute alcohol in brick-red 
powder, decomposing with shrinkage at 248-50°. (Found: Br, 37°9. CypHa2O0qBr, 
requires Br, 37°3 per cent), The residue from absolute alcohol was crystal: 
ised from glacial acetic acid in dark red microcrystalline powder, decor-- 
posing above 310°. (Found: Br, 47-4. CsoHsoQsBre requires Br, 47°3 per 
cent). : ; 

(ii) Anchusin (5 g.) was dissolved in glacial acetic acid (70 c.c.) and 

acetic acid solution of bromine (30 c.c.) was added gradually at o° with 
constant stirring. The reaction mixture was slowly -brought to the toom 
temperature and heated on a water-bath for 24 hours. ‘The mixture after 
cooling was ‘poured into an excess of-cold water and the brick-red precipitaze 
was collected, washed with water and dried over sulphuric acid “under 
vacttum. It was crystallised from absolute alcohol in brick red powder, 
m.p. 160-65° {decomp.) (Found: C, 34-9 ; H, 3-09 3 Br 47-4. Con OiB 5 
requires C, 35'5 ; H, 2-96; Br, 47:3 per cent). 
‘The residue from above was crystallised from glacial acetic acid in bricx- 
red crystalline powder, m.p. above 310° (decomp.). (Found: Br, 48~. 
CsoHaoO.Bre requires Br, 47-3 per cent).. The residue from glacial acetic 
acid was crystallised- from acetorie in dark brown inicroerystalline 
powder, decomposing without melting above 260°. 

(iii) The above experiment (ii) was repeated without heating at the nal 
The precipitate after drying was extracted with absolute alcohol when mcst 
of it went into solution leaving a very. small dark amorphous mass which 
could not be analysed. 


" Q 
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The alcoholic solution gave a brick-red crystalline powder, decomposing 
above 270°. (Found: C, 41-77; H, 3:4; ‘Br, 3 tr. CsoHs20.Bra requires 
C, 42°0; H, 3-7; Br, 374, per cent). 

Oxidation of Anchusin.—Finely powdered anchusin (20 g.) was heated 
to boiling for 5 hours with an” excess of 2 N-nitric *acid, and kept over- 
night. The insoluble resldue (A) was filtered: off from the brown solution 
(B). aes . : ; 
The solution was concentrated to a small volume on a water-bath and 
finally evaporated to dryness in a desiccator over caustic potash and calcium’ 
chloride. ‘The brown hygroscopic substance was digested with ether and 
the residue consisted of a colourless crystalline product and a fine brown 
powder. ‘They were separated mechanically by stirring with ether. The 
brown highly hygroscopic powder containing nitrogen could not be 
crystallised from any solvent. The colourless crystalline powder was 
" recrystallised from alcohol in needles, m.p. gg-100°. It was confirmed to be 
oxalic acid (p-toluidino-compound, m.p. 264-65°). ‘The ethereal solution 
gave a further quantity of oxalic acid, m.p. 99-100° and a nitrogen-containing 
resinous substance which could not be identified. 

The insoluble residue (A), when digested with hot water, left behind a 
small quantity of :a solid which was ctystallised from alcohol in yellowish 
orange crystalline powder, not melting up to 320°. It contains nitrogen 
and dissolves. in sodium ‘bicarbonate solution with evolution of carbon 
dioxide. ‘I'he hot aqueous extract was evaporated nearly to dryness first in 
vacuo then over sulphuric acid in a desiccator. ‘The orange powder, thus 
obtained, was extracted successively with ether, benzene and absolute 
alcohol. All these extracts gave high melting orange solids which vary 
from one another in their intensity of colour. They all contain nitrogen 
and dissolve in sodium bicarbonate solution with evolution of carbon 
dioxide, 

Distillation of Anchusin with Zinc dust-—-A mixture of anchusin with 
~twice its weight of purified zinc dust was distilled under reduced pressure 
-and the small amount of yellowish viscous oil, thus obtained, was dissolved 
in benzene and washed successively with caustic soda and water. ‘The 
solution after dehydration with sodium sulphate gave a crystalline residue, 
which was recrystallised from alcohol in colourless plates, m.p. 199-200". 

(mixed m.p. with a genuine sample of 8-metnylanthracene). 
DEPARTMENT OF ORGANIC Cumarsiny, 
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A PRELIMINARY NOTE ON: MESUOL, THE BITTER 
PRINCIPLE. OF MESUA FERREA. 


By PHanreHusan Durt, NARENDRA CHANDRA DgB 
AND PRAFULLA KumMAR Bose. 


‘The bitter fatty oil of the seed kernel of Mesua ferrea,- Linn. (N. O. 
Guttiferea), known in India as Nagkesar or Nageshwar oil, has been the 
subject of a number of invéstigations (Boorsma, Bull. Inst. Botan. Buiten- 
zorg, 1904, 24, 4 ; Hooper, Pharm. J., 1908, 27, 16x ; Grimme, Chem. Rev. 
Fett. Harzind., toro, 17, 156; Dhingra and Hilditch, J. Soc. Chem. Ind., 
x931, 50, or; Chatterjee -and Gupta, Oil Col. Trades J., 1937, 91, 1656). 
Very little is, however, known regarding the other constituents of the 
seeds. Boorsma (loc. cit.) reported the presence of two resinous bitter 
- principles, but they did not receive further attention. 

Chatterjee and Gupta (loc. cit.) observed that Nageshwar oil produces 
a deep yellow colour in contact with dilute aqueous alkali. ‘This pheno- 
menon is characteristic of the oil, and it must be due to some principle other 
than the normal constituents of a vegetable oil. It had moreover been 
observed by previous investigators that the expressed oil deposited a solid 
“stearin ’ on keeping. Microscopic examination of this deposit revealed the 
presence of a crystalline substance, which was found to dissolve in aqueous 
alkali with a deep y-llow colour. Obviously the ‘ stearin ' is responsible 
for the production of the yellow alkali salt. We thought it desirable to 
examine the crystalline substance in greater detaii. The want of a suitable 
hydraulic press led us to attempt its isolation from ‘the oil extracted by 
means of solvents. The best results have been obtained by a method which 
is detailed in the Experimental. The pure compound, obtained in a yield of 
nearly 1%, formed pale yellow, transparent prisms,em.p. 154°. It 
is apparently different from the amorphous principles isolated by 
Boorsma. The name ‘ Mesuol’ is proposed for this substance which appears 
tobeanewone. © . ~- ‘ a 

Mesuol is neutral to litmus and has a slight bitter taste. It is soluble 
in 1% aqueous alkali,"10% amimonia and hot sodium carbonate solutions, 
but insoluble in sodium bicarbonate. Acids precipitate the compound 
unchanged from the deep yellow alkaline solutions. The colour with ferric 
chloride in alcohol medium is dirty olive-green. Mesuol is obviously phe- 
nolic in character. It is optically inactive, and is free from methoxy and 


278 - P, B, DUTT, N. C. DEB AND P. K. BOSE 


methylenedioxy groups. ‘The yellow colour of mesuol in alcohol is deepened 
on the addition of lead acetate, but no precipitate is formed. Treatment 
with hydrochloric acid and metallic magnesium did not produce any colour. 
It is evidently not a hydroxyflavone. The analytical and M. W. data 
agreed with the formula, Co;3H2205 or C22H2Os. The analytical values of 
dimethylmesuol, however, lend support to the former. ‘We, therefore, tenta- 
tively assign the molecular formula, CysH.20;, to mesuol. 

The dimethyl derivative, just referred to, was obtained in quantitative 
yield by methylation of mesuol with methyl iodide in acetone medium in 
presence of potassium carbonate. Dimethylmesuol is indifferent fo ferric 
test, but showed the presence of lactone ring. Methylation with diazo- 
methane does not proceed to complete methylation of the two phenolic OH 
groups of mesuol. : 

The elucidation of the structure of mesuol by further experiments which 
are in progress will form the subject of a future communication. 


EXPERIMENTAL. 


Isolation of Mesuol.—The seeds of M. ferrea were collected from the 
district of Sylhet in Assam. The kernels of the air-dried material were 
coarsely powdered and extracted with light petroleum (b.p. 4o-50°) in a 
Jarge Soxhlet during 18 hours. The reddish brown extract was freed from 
the major part of the solvent and allowed to stand at about 20° for 
several days. After three weeks the crystalline deposit of crude mesuol was 
collected and freed from adhering fat by washing with petroleum ether in 
which mesuol is almost insoluble. The product was then repeatedly 
crystallised from methyl alcohol, benzene-petroleum ether and dilute acetone 
in succession. ‘The first crop of crystals from the last named solvent usually 
formed yellow, opaque, feathery crystals, m. p. 152°, which were rejected. 
Mesuol separated from dilute acetone as pale yellow, compact, transparent 
prisms, m.p. 184°. Further crystallisations failed to alter the m. p. 
Purified by distillation at 1g90-200°/o'04 mm, and subsequent crysta- 
llisation from methyl alcohol, it had the same m.p. [Found in samples dried 
at 110° in vacuo over P2Os: C, 72°7, 72°7; H, 62, 6°02. M. W. (cryoscopic 
in’ benzene), 377, 378. CesH..O; requires C, 72°53; H,°5°5 per cent. 
M. W. 364. CosHo.Os5 requires C, 73°03 ; H, 5°82 per cent. M.W:, 378).’ 

Mesuol is readily soluble in warm aicohol, acetone, benzene, chloroform 
and ‘pyridine, moderately in carbon bisulphide and sparingly in ether. It 
dissolves in concentrated sulphuric acid with a greenish yellow colour. It 
is insoluble in concentrated hydrochloric acid. 
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Dimethylmesuol.—'To mesuol (0'2 g.), dissolved in dry acetone (15 c.c.., 
were added methyl iodide (0’4 g.) and anhydrous potassium carbonate (0's g... 
The mixture was refluxed on the water-bath for 5 hours. The orange-yellow 
colour of the solution faded to straw-yellow after completion of the~reactior. 
The solution was freed from insoluble potassium salts and evaporated to 
dryness. . The oily residue solidified on treatment with a little methyl 
alcohol in the cold. The crystals were collected, washed with water and 
recrystallised from methyl alcohol, m.p. 131°. Further purified by distille- 
tion in high vaccum (170-75°/0'04 mm.) and subsequent crystallisation fro 
ligroin, it formed colouriess prisms or plates, m.p. 132°. [Found im samples 
dried at 110° in vacuo over P.O; : C, 73°7 ; H, 6°49 percent. M.W. (eryos- 
copic in benzene), 407. CosH2,0; requires C, 73°88; H, 6'4 per cenz. 
M. W., 406). 7 ; 

Dimethylmesuol is soluble in most organic solvents but not in water. 
Its alcoholic solution turned deep yellow on the addition of 10% aqueous 
alkali, but the colour faded to pale apple-green on keeping or warming. 
Dilution of the alkaline solution did not give any precipitate. On addirg 
mineral acids an oil separated out, which solidified on keeping overnight. 
Crystallised from methyl alcohol it melted at 132° alone or when mixed with 
dimethylmesuo]. The solution in concentrated sulphuric acid is greenish 
yellow. 


Our thanks are due to Mr. N. Ghosh, M.Sc., for the micro CH- 
estimations recorded in this paper. 
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A NOTE ON THE KEEPING PROPERTIES OF HYDNO- 
CARPUS WIGHTIANA OIL AND ITS 
DERIVATIVES. 


By U. P. Basu AND A. Mazumpar. 


It’ has been recently shown ty us Ss enioy in India, 1939, 14, 53) 
that the addition of .creosote (4%), or hydroquinone (0-02%) inhibits the 
autooxidation and markedly improves the keeping properties of Hydno- 
carpus Wightiana oil as wellas the iodized ethyl esters of the acids derived 
from this oi!. This 1etarding effect of creosote has now been observed” at 
still a lower concentration (0-1-0-2%'. ‘The oil contains an unsaponifiable 
substance (about 0-02%), which is, however, not pro-oxygenic in nature. 

‘A concentrate, prepared by a slight modification of the method of Green 
and Hilditch (J. Soc. Chem. Ind.; 1937, 56, 23 't), from the oil cake of the . 
Hydnocarpus Wightiana, dissolved in sodium bicarbonate, reduced Febling’ s 
solutions and showed the presence of nitrogen and was insoluble in ether but 
possessed no appreciable anti-oxygenic power. A similar concentrate pr epar- 
ed from sesame oil cake, however, .possessed a considerable antioxygenic 
activity. ‘Thus, the peroxide value 63-8 (in terms of o-o1 N-thio.), obtained 
by heating an oil at 100° for about 4}-hours was reduced to-about 2-6 when 
the oil was mixed with 0-5% concentrate from the latter cake. This concen- 
trate is very rich in’ nitrogen (6-1%), and aiso insoluble in petrol ether. 
Further work in this direction is in progress. 
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A NEW FORMULA FOR CHAKSINE, THE ALKALOID 
OF CASSIA ABSUS AND SOME EXPERIMENTS 
ON ITS CONSTITUTION. 


By Hans Raj Karur, Kipar Nats Gainp, KartaAR SINGH NARANG 
AND JNANENDRA NatTH Ray. 


The formula of chaksine, the alkaloid from Cassia absus, has been found to be 
Cy1H2,03N3 and not Cy,He)O2N3 as suggested by Siddiqui and Ahmed. 


Siddiqui and Ahmed (Proc. Indian Acad. Sci., 1935, 2A, 421) have isoiated 
two quaternary bases from the seeds of Cassiu absus. ‘The base chaksiae 
has been given the formula C,,H.,0.N, and its salts have been formulated 
as C,2H.,ON;Hal. ‘These authors isolated the iodide for which they found 
I, 30°4%, whilst their formula C,.H.,ON,I required I, 36°4%. Apert 
from this, they relied on the analysis of chaksine bicarbonate which was 
“ supposed to have the composition C,,H.,ON;.HCO;, $H,0. It was dehy- 
drated by heating at 100° and the anhydrous substance analysed. ‘Theze 
is grave objection to accept the loss in vacuo at 100° to be due to tke 
loss of } H,O0. It is quite well known that the bicarbonates of organ ‘c 
bases, like those of an alkali metal, lose carbon dioxide on heating as indeed 
has been found to be the case by us. 


It appeared to the present authors that the formula of chaksine hes 
not been satisfactorily determined. Chaksine iodide was prepared essen- 
tially by the method of Siddiqui and Ahmed (loc. cit.) but the substance 
had m.p. 180° with previous shrinkage (Siddiqui and Ahmed give mp. 
168°). We have also prepared the sulphate, nitrate, chloride and the bromiée 
ina high state of purity and analysed these carefully. The results do 
not confirm the formula C,,H..ONsX. For example the iodide gives 
C, 37°2, 371; H, 61,63; N, 119, 12°73 I, 349 (Siddiqui and Ahmed’s 
data), whilst C,2H.,ON,I requires C, 41-2; H, 5°7; I, 364%, whereas 
Ci:HaO2NsI requires C, 3737; H,5°7; N, 119; I, 35:90%. Siddiqvi 
and Ahmed did not record any C and H values for the iodide. 

Siddiqui and Ahmed have described the platinichloride of the chlorid: 
and from their data the M.W. for the chloride comes out as 261-5. 
The chloride itself has been prepared by us and analysed. It gives | 
C, 50°57; H, 8&1; WN, 15°5, 15-66. Cy:HO2N3C1 requires C, 50°48, 
H, 7-7; N, 16:0; M.W. 261.5, whilst C,,H2,ON3CI requires C, 55-9; Hy; ras 
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N, 16.3%. ‘Therefore it would appéar that chaksine is C,,H2,03Ns, 
(Ci:H2503N; is also possible from the analytical data but less probable) 
and not C,:H3,0.N; as suggested by Siddiqui and Ahmed. In the experi- 
mental sequel, we have described the preparation and analyses of a laige 
number of salts which mitigate clearly against C,.-formula for chaksine. 

The nitrate of chaksine gives with strong sulphuric acid a substance 
which we have designated as nitrochaksine sulphate formed by the loss 
of a molecule of water reminiscent of urea nitrate-nitrourea or guanidine 
nitrate—nitroguanidine change. With -sodium hydroxide and barium 
hydroxide ammonia is copiously liberated from chaksine but unfortunateiy 
. the product of the action of alkali has not yet been isolated in a state of 
purity. With hydrogen peroxide and trace of ferrous sulphate, chaksine 
sulphate gives formaldehyde recognised by the dimedon condensation 
product. With potassium permanganate, chaksine sulphate gives oxalic 
acid and a mixture of dibasic acids which have been separated by esterifi- 
cation and fractionation, of these esters one analysed as CF nOr, and 
another as C;H,,03. 

Further work is in progress. 


EXPERIMENTAL. 


” 


In the extraction of chaksine from the seeds, ethyl alcohol was sub- 
stituted for methyl alcohol prescribed by Siddiqui and Ahmed. ‘The 
brownish yellow syrupy residue, after the removal of solvent at 40° from 
the neutralised and acidified extract, was freed of oily matter by repeated 
extraction with ether. 


The iodide, isolated essentially as described by Siddiqui and Ahmed, 
was repeatedly crystallised from hot water, m.p. 180° (after drying in high 
vacuo at 100°), [Found: C, 371, 372; H, 63, 61; N, 11-9, 11°9, 11°73 
‘(Siddiqui and Ahmed gave I, 34’9). Calc. for Ci:H2.O.NsI : C, 37-3; 

“H, 5°73; N, 11-9; Ty 35°9 per cent].~ 

- Chaksine sulphate, prepared from chaksine iodide or as described by 
Siddiqui and Ahmed, was repeatedly crystallised from water or dilute 
alcohol, m.p. 317° (decomp.). [Found after drying in high vacuo at 140°: 
C, 480; H,77; N, 15:0, 14°96; S, 5°55. (CrsH29O2N3) 280, requires 
C, 4818; H, 773; N, 15°33 S, 5°84 per cent. Siddiqui and Ahmed gave 
S, 5°85%. ‘They do not give any other values. (C,,.H..ONs)2S0, requires 
C, 53°33 H: 7.4; N, 15.5; S, 5-93 per cent]. 

Chaksine Chloride.—To a hot suspension of chaksine sulphate in water 
(a g. in 20 c.c.) was added powdered barium chloride (4 g-). After boiling 
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for 2 minutes, the solution was filtered and the filtrate saturated wich 
sodium chloride. The crystalline precipitate was collected after cookig 
and then recrystallised from a mixture of alcohol and acetone, mu. p. we° 
(after drying in vacuo at 100°), yield 0% g. (Found: C, 50°57; H, €r; 
N, 15°66, 15°5, 15-7. CyiHa9Q2NsCl requires C, 50-48; H,7'7; N, 160 
per cent). 

Chaksine bromide was prepared similarly with barium bromide m 
theoretical yield. It was crystallised successively from water and a mixture 
of alcohol and acetone, m.p. 186° (after drying in vacuo at 100°). (Foumc: 
C, 43°33 H, 6-8; N, 13°34, 13°26. Cy,H.,O2N;Br requires C, 43°23 
H, 65; N, 13-7 per cent). The C,, formula requires C, 47°6 per cent. 

Chaksine Nitrate-—Chaksine iodide (2 g.), dissolved in water (20 ¢.>.), 
was decomposed with silver nitrate solution (1-2 g. in 10 c.c. of water) or 
potassium nitrate solution by warming on the steam-bath for 10 minuces. 
After filtration, the nitrate crystallised on cooling. It was recrystallised 


in transparent rectangular plates from hot water and then from alcokol. 


The substance after dehydration in vacuo lost its transparency and kad 
m. p. 220° (decomp.). (Found: C, 45°8, 45°85; H, 6°91, 7°2; N, 190°3, 1¢°2, 
19'5. C1H..05N, requires C, 45°38; H, 69; N, 19°44 per cent), 

Nttrochaksine Sulphate—To ice-cold sulphuric acid (2°5 c.c.) wes 
added chaksine nitrate (o’9 g.) in small quantities at a time. The mixture 
was stirred for ¢ minute and then poured toice. The precipitate wes 
crystallised from iot-dilute alcohol, m. p. 176° (decomp.). This substance 
partially decomposes on drying in vacuo at 140°. (Found after drymz 
at 110°: C, 398; H,6-5; N, 16-4, 16-5 per cent). The nature of ta5 
substance is being investigated. 

Action of Nitrous Acid on Chaksine Chloride.—To an ice-cold solution 
of chaksine chloride (x g.) in water (15 c.c.) was added a solution of sodium 
nitrite (o°5 g.) in water (5 c.c.) and the mixture acidified with hydrochloric 
acid. A substance separated out almost immediately. *The mixture was 
heated to boiling to dissolve the precipitate and then was allowed to cav-. 
The colourless substance now separating was collected and crystallised 
from water and then from alcohol. During the action uo evolution cf 
nitrogen was noticed. The substance (transparent plates) had m. p. 2217 
(decomp.). (Found: C,45°7, 46°61; H, 7-04, 7-06; N, 188, 18:78 pec 
cent). 

Oxidation of Chaksine Sulphate with Hydrogen Peroxide.—To asolutiba 
of chaksine sulphate (3 g.) in water (250 c.c.) warmed to 80° were added 
a few drops of ferrous sulphate solution. .When the temperattire of th= 
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mixture was 58°, hydrogen peroxide (15 c.c.) was added gradually avoiding 
further rise in temperature. The mixture was distilled and the distillate 
bubbled through an alcoholic solution of dimethyldihydroresorcin. After 
acidification of the dimedon solution with acetic acid, it was refluxed for 
3 hours. ‘The precipitate was treated with benzene and then precipitated 
with petrol ether. After rejecting the first precipitate, the solution on 
concentration gave needles which after crystallisation from hot petroleum 
ether had m: p. 188° and was identified as'the formaldehyde condensatiorit 
product. There is evidence of other substances being forméd and’ these. 
are under investigation. : ‘ . " 

Oxidation of Chaksine Sulphate with Potassium Pei:manganate in 
Alkaline Medium.—A solution of sodium hydroxide (2'5 g.) in water (x5 c.c.) 
was added gradually under cooling to a soluti-n of chaksine sulphate 
(7 g.) in water (300 c.c.). To this solution was then added gradually and 
with. thorough shaking, during x hour, potassium permangnate soiution 
(200 ¢ c., 5%) and the temperature during addition was maintained at 30°. 
The mixture was allowed to stand at room temperature for 2 hours and 
then filtered, the precipitate being washed several times with hot water, 
The filtrate and the washings were mixed together and concentrated in 
vacuo, and the distillate was trapped in hydrochloric acid, whence ammonium 
chloride was isolated and identified. 

The concentrated mother-liquor was strongly acidified with concen- 
trated sulphuric acid and then extracted repeatedly with ether. “I'he 
ethereal extract after dehydtation over anhydrous sodium sulphate and 
removal of the solvent, gave aliquid which was acidic in reaction. The 
acidic liquid was esterified and fractionated. From the first fraction oxalic 
acid was isolated after hydrolysis and identified (mixed m. p.98-99°}. The 
second fraction, b.p. 80°/3 mm., analysed as follows: (Found: C, 60'02; 
.H, 9°49. CirpHisO. requires C. 59:4; H, 89 per cent). The third ester, 
b.p. zroo-105°/3 mm., gave C, 57°35; H, 89. CsHyOCOOC.H; requires 
C, 57°53; H, 9'5 per &ent. 
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SYNTHESIS OF BENZONICOTINE. 


: By B. K. Nanni. 


A synthesis of benzonicotine has been described starting from ethyl quinoline 
3-carbosylate and N-methylpyrrolid-2-one according to Spath’s synthesis of nicotine 
from ‘ethy] pyridine-3-carboxylate. 


Spith’s synthesis of nicotine from ethyl pyridine-3-carboxylate 
suggested the possibility of synthesising a compound from ethyl quinoline- 
3-carboxylate (Friedlander and Gohring, Ber., 1884, 17, 459; Stuart, 
J. Chem. Soc., 1888, 88, 143; Tafel and Wassmuth, Ber., 1907, 40, 2831. 
which could similarly be reacted with N-methylpyrrolid-2-one to give 
a benzonicotine (VII). 

N-methylpyrrolid-2-one (Il) (Tafel and Wassmuth, loc. cit., Spatt 
and Bertschneider, Ber., 1928, 61, 327) has been condensed with ethy- 
quinoline-3-carboxylate (I) in presence of alcohol-free sodium ethylate to 
3': N/-methylpyrrid-2-onyl-3-quinolyl ketone (III). This is then convertec. 
into 3-quinolyl-y-methylamino-n-propy] ketone (IV) by hydrolysis witk 


ee —COsEt oo CH R'CO'HC— ie 
+ 
uy cl ow od en 





NMe NMe 
(11) (11D) 
ae HC7——CHa 
a R'CO be al wos, 
Eee NH—Me NH‘Me 
(IV) (V) 
HeC-—CH» ; H»C-—CH» 
ae R-HCL/CHe awe ees 
NH—Me N-—Me 
(v1) (VIZ) 


* In the above formule R stands for eas 
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fuming hydrochloric acid. The ‘amino-ketone is subsequently reduced 
catalytically to 3-quinolylamino-n-propy] carbinol (V) in poor yield. On 
treatment with red phosphorus and hydriodic acid, the iodo derivative, 
a-3-quinolyl-¢-methylamino-n-butyl iodide (VI), is obtained which passes 
into the racemic benzonicotine (VIIJ) in potassium hydroxide solution. 

Benzonicctine containing an asymmetric carbon atom (C*) like nicotine, 
should have two optical isomers. In the racemic form the new base has 
been physiologically tested and has been found to be one-third as active as 
natural I-nicotine. The detailed experiments of its’ pharmacology are 
being published elsewhere. 


EXPERIMENTAL, 


3' : N-Methylpyrrid-2-onyl-3-quinol yl Ketone.—To alcohol-free sodium 
ethylate (6 g.) in benzene (20 c.c.) was added ethyl quinoline-3-carboxylate 
(xo g.) dissolved in N-methylpyrrolid-2-one (4-9 g.). The mixture was 
kept at orcinary temperature for 24 hours (exclusion of moisture) 
during which time it assumed a dark brown colour. After the addition 
of more benzene (5 c.c.) it was refluxed on the water-bath for 9 hours 
when a solid brown mass was obtained. To this sufficient ice-cold 
water was added to dissolve the whole mass The clear solution was 
then shaken with ether to remove any ufireacted substance and the aqueous 
layer acidified to congo-red paper with dilute acetic acid, when a yellowish 
dense turbidity was obtained. The product was extracted with chloro- 
form, the chloroform extract dried over calcium chloride and the solvent 
distilled off. A brown oil was left behind which solidified on leaving 
overnight in vacuum desiccator, yield 6 g. It crystallised in plates from 
dry benzene. m. p. 120°. It is soluble in ether and alcohol and sparingly 
in ligroin. (Found: C, 7044; H, 560; N, 1116. CysHy.O.N. requires 
C, 70°86; H, 5°51; N, 11°02 per cent). 

The monopicmate was prepared by dissolving the substance in alcohol 
and adding an alcoholic solution of picric acid (x mol.), when the picrate 
separated readily. It crystallised in shining yellow needles from alcohol, 
m. p. 178°. “Found : N 14°52. CisH1,0.N2, CoHs0,N; requires N, 14°49 
per cent). ; 

3-Quinolyl-y-methylamino-n-propyl Ketone.—The §-diketone (4 g.) was 
heated in a sealed tube with fuming hydrochloric acid (40 c¢. c.) at x40- 
145° for 7 hours. The solution was then diluted with water and made 
alkaline with sodium carbonate when a turbidity was obtained. ~ After 
extraction with ether in the continuous extraction apparatus, the ether 
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extract was dried over sodium sulphate and ‘the ether removed. A brown 
oil was obtained which distilled at 165-75°/oor mm. The ketone is 
sparingly soluble in water, more so in alcohol and ether and freely 
in chloroform. (Fourd : C, 73°55; H, 603; N, 12°30. C.4Hi.ON2 requires 
C, 73°69; H, 7-01 ; Nj 12°28 per cent). 

The chloroplatinate of the ketone was obtained by dissolving the 
substance in 10% hydrochloric acid and adding a solution of platinic chlo- 
ride when the salt separated on concentration and cooling. It crystallised 
from dilute alcohol (75%) in pale brown needles, m. p. 215-20°. (Found : 
Pt, 30°38.. Cy4HisON2, H2PtCl, requires Pt, 30°56 per cent). : 


3-Quinolyl-y-methylamino-n-piopyl Carbinol—The reduction of the 3- 
quinolyl-y-methylamino-n-propyl ketone (5 g.) dissolved in hydrochloric 
acid (10%, 30 cc.) to the alcohol was effected by hydrogen in presence 
of palladised charcoal from 25 c.c. of 1% palladium chloride solution 
and 4 g. of “extra norite.’’ About 7ooc.c. of hydrogen were absorbed 
(theoretical 740 c.c.) in 8 hours, after which there was no further 
absorption. ‘The filtrate from the mixture was made alkaline to litmus 
with sodium carbonate solution, when an oily substance separated which 
was extracted with ether by the continuous process and a reddish oil 
obtained after removal of ether, yield 3°5 g. ‘The oil is fairly soluble in 
water and very soluble in alcohol, ether, acetone and benzene, b.p. 
200-4°/0'5 mm. ; : . . 

The chloroplatinate of the base was formed by dissolving the substance 
in 10% hydrochloric acid and adding platinic chloride solution in excess. 
The platinum salt crystallised from alcohol in needles, m.p. 286-88°. 
(Found: Pt., 30°31. C14H,gON2, H2PtCl, requires Pt, 30°46 per cent). 


The dipicrate, prepared in the usual way, crystallised-from alcohol, m.p. 
199-201°. (Found: N, 16°17. CysHigONz, 2CsH;0,N; requires N, 16°27 
per cent). 


a-3-Quinolyl-8-methylamino-n-butyl Iodide and ¢#-Benzonicotine.— 
3-Quinolyl-y-methylamino-n-propyl carbinol (3 g.) and hydriodic acid 
(d 1°94, 45 c.c.) and red phosphorus (5 g.) were heated under reflux 
in an oil-bath at roo-r10° for 4 hours. The excess of hydriodic acid 
was then removed in vacuum at 50°. To the residue were added 35 c.c. 
of water and the solution filtered off from the red phosphorus, 
neutralised with potassium carbonate solution and then 4oc.c. of 10% 
potassium hydroxide added. 


a-3-Quinolyl-8-methylamino-n-butyl iodide was converted on standing 
for 24 hours into 7-benzonicotine, when the clear solution became 
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densely turbid and was reddish brown in colour. The whole was then 
extracted with ether continuously, the ether extract dried over sodium 
sulphate and the ether distilled off. The light brown oily residue (1°8 g.) 
distilled at 172-175°/o'x mm. as a colourless oil which assumes a brown 
colour when left exposed to air. (Found: C, 78°98; H, 7°43; N, 13°17. 
CuHisN. requires C, 79°24; H, 7°54; N, 13°20 per cent). Unlike 
nicotine, benzonicotine is not volatile in steam, and is slightly soluble 
in water. 

The dipicrate was obtained in ether with an alcoholic solution of 
picric acid in excess when the salt separated. It crystallised in yellow silky 
needles from ethyl alcohol, m.p. 224-25°. The picrate is sparingly soluble 
in both methyl and ethyl alcohol, acetone and chloroform, and insoluble 
in benzene. (Found: N, 16°78. CysHisN2, 2CsH,0,N, requires N, 16°71 
per cent). 

The chloroplatinate, prepared in 10% hydiochloric acid: solution of 
the base with excess of platinic chloride solution, is very sparingly 
soluble in alcohol, acetone, chloroform, and insoluble in benzene. It 
crystallised in light yellow crystals from ethyl alcohol, m.p. 232-34°. 
(Found: N, 4°593. Pt, 30°98 CyHisN2, HPtCl, requires N, 4°50; 
Pt, 31°35 per cent). 

“The chloro-aurate crystallised in shining yellow needles from alcohol,, 
m.p. 239-40° (decomp.). / 

My best thanks are due to Professor J. Kenner, D.Sc., F.R.S., 
Head of the Department of Arplied Chemistry, College of Technology, 
-Mauchester, for suggesting the work and rendering all help during the: 
investigation. ~ 


CHEMICAL, T,ABORATORY; : 
COLLEGE OF TECHNOLOGY, MANCHESTER Received March 27, 1940. 
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THE ALKALOID OF BERBERIS UMBELLATA, WALL. PART I. 
- ‘ISOLATION- AND EXAMINATION OF UMBELLATINE. 


By R. CHATTERJEE. 


From the stem bark of Berberis umbellata a new alkaloid of the molecular formula 
Cy,HgjOgN has been isolated. It contains one methylenedioxy group, two methoxy 
groups and one imino group... The new alkaloid has been designated as umbellatine, 

Berberine and several other alkaloids have been reported to be present 
in various species of the genus Berberis (N.O. Berberidaceae). An 
examination of B. umbellata has now been carried out with a view to. find 
whether it contains any new alkaloid or not. The stem bark was collectel 
from Darjeeling District in July. It has yielded a yellow crystalline alke- 
loid, m.p. 206-7° (decomp.). The analytical data are in agreement wita 
the molecular formula C.,H.,0,N. As it appears to be a new alkaloic, 
it has been named ‘‘umbellatine.”’ 


Umbellatine has been found to contain two methoxy groups. It forms 
a crystalline methiodide and a yellow nitroso derivative which points to the 
presence of the nitrogen atom as a secondary amine ; 5% gallic acid solution 
imparts a green colour to a solution of umbellatine in concentrated sulphur:c 
acid, indicating the presence of a methylenedioxy group. ‘Tte 
analytical data show the presence of one methylenedioxy group. 
It crystallises from water with 5°5 molecules of water of crystailisatior, 
it contains half a moiecule of water even on drying in vacuo at 110° and cu 
raising the temperature to 120°, the colour of umbellatine changes from 
yellow to light brown. At higher temperatures umbellatine decomposes 
gradually ; hence its remaining half molecule of water cannot be removed 

EXPERIMENTAL. 

-Lsolation of Umbellatine.—The finely ground air-dried stem bark (z kg.), 
obtained from Messrs. G. Ghose & Co., Darjeeling, was extracted by cod 
percolation with 90% alcohol during zodays. ‘The dark-brown residue, 
after the removal of alcobol on the water-bath, was treated with cold ‘water 
(500 c.c.) and filtered. The filtrate was extracted with light petroleun 
(b.p. 40-60°), to remove some oily matter. Moderately concentrated 
hydrochloric acid was then added to the aqueous extract to give 1% solution, 
which was allowed to stand for 2 hours. The crude hydrochloride of- tke 
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alkaloid gradually crystallised out and.was filtered off. It was recrystallised 
from hot water as yellow, feathery needles, decomposing above 200°, yield 
85 g. 

, The hydrochloride (5 g.) was dissolved in hot water and made alkaline 
with sodium hydroxide solution, when a yellow precip{tate was obtained. 
It was collected and crystallised from hot water in yellow silky needles, 
m.p. 206-7° (decomp.). “the yield of pure umbellatine is 068% calculated 
on the amount of air-dried bark. [Found in a sample dried at 110° 
in vacuo over P,O;: C, 59°0, 58°38 ; H, 5°33, 5°36; N, 3°2, 3°33; OMe, 144; 
CH.02, 2°95 (Clowes and Tollens, Ber., 1899, 32, 2841). Found -in a 
sample dried at 120° in vacuo over P,O;: C, 58-8; H, 5°33. CoyH2,05N, 
4H,0 requires C, so4; H, 52; N, 3°33; OMe, 1462; CH.O,, 3°30 
per cent]. 

Umbeliatine is optically inactive. It is soluble in alcohol, methanoi 
and hot water, sparingly soluble in cold water, acetone and chloroform and 
insoluble in benzene, ethy! acetate, ether and light petroleum ether. 


Umbellatine forms crystalline hydrochloride, hybrobromide and 
hydriodide. Reactions with alkaloidal reagents are tabulated below: 


Mayer’s reagent “we .. Pale yellow precipitate formed immediately. 
Wagner’s reagent ee ... Orange precipitate formed immediately. 
Picric acid ok ... Pale yellow precipitate. 
10% Potassium iodide solution ... Yellow precipitate. 
Acidified with conc. H,SO, in a A b-ood red ring at the junction of the layers 
test tube and brought in contact cf two liqnids 
with Cl, water 
Concentrated sulphuric acid -.. Dissolves with deep yellow colour changing to green. 
Erdmann's reagent... . Dissolves with a violet colour changing to blood-red 
and finally to yellow on long standing. 
Frohde’s reagent a8 . Dissolves with a greenish yellow colour. 
Mandelin’s reagent... « Yellow colour changing to red. 


Conc. HzSO, with K,Cr,0; powder Green colouration on long standing. 


Umbellatine Hydrochloride-—To a solution of umbellatine in hot water 
dilute hydrochloric acid was added drop by drop, till the precipitated 
hydrochloride settled down. On rewarming the mixture the hydrochloride 


dissolved and on cooling it crystallised as yellow feathery crystals, which 
charred without melting. 


Umbellatine Chloropiatinate—The chloroplatinate, prepared with a 
warm concentrated solution of umbellatine hydrochloride (0.3 g.) in water 
aud platinic chloride (o'12 g.), separated asa yellow granular precipitate which 
was collected after heating on the water-bath for about 15 minutes. The 
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precipitate was well washed with hot water, and then collected and driec. 
Umbellatine chloroplatinate is a light yellow powder, which is insolube 
in organic solvents-and water, and which decomposes without melting. 
[Found: Pt, 15°71; M. W. 415. (Co:H2,0.N, HCl), PtCl, requires Pt, 15°72 
per cent. M. W. rs]. 

Nitrosoumbellatine—An ice-cold solution of umbellatine (x mol ) 
in 10% acetic acid solution was treated with an ice-cold solution of sodium 
nitrite (1.5 mol.). A yellow granular precipitate was obtained, which 
was filtered - after keeping the reaction mixture overnight at room 
temperature and was well washed first with 5% acetic acid solution ami 
then with water. The nitroso derivative crystallised from alcohol m 
yellow glistening needles, m.p. 265-67° (decomp.). (Ifound: N, 69. 
Co,:H2.05N2 requires N, 6:4 per cent). 

Umbellatine Methiodide.—A solution of umbellatine (x mol.) in chlore- 
form and methyl iodide (1-5 mol.) was allowed to stand at the room 
temperature for about 2 hours when a yellow crystalline methiodice 
separated. It was filtered, well washed with chloroform and dried ; it 
chars without melting. 

Further work is in progress. 

The author is indebted to Mr. N. Ghosh, for some of the analys2s 
recorded in this paper. ‘The author extends his thanks to Miss A. Mukhe-- 
jee and Dr. P. K. Bose for their kind interest in the work and to Dr. D. 
Chakravarti of the University College of Science and the very Rev. 
Father A. Schockaert, S. J., Rector, St. Joseph’s College, Darjeelinz, 
for affording him laboratory facilities. 
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THE INFLUENCE OF SUBSTITUTION ON THE FORMATION 
OF DERIVATIVES OF a-HYDRINDONE AND a-TETRALONE.; 
SYNTHESIS OF  1:2:3:4-TETRAHYDRO- 
NAPHTHALENE. | :2- DICARBOXYLIC ACID. 


By NRIPENDRA NATH CHATTERJEE AND GIRINDRA NaTH BARPUJARI. 


The present investigation describes a method for the synthesis of 1 :2-dicarboxy- 
1 :2.:3 :4-tetrahydronaphthalenes, which are important for the synthesis of benzan- 
thracene derivatives with carcinogenic property. 


” Penzaldehyde cyanobydrin i is allowed to react with the sodium salt of 
ethyl cyanoacetate and the sodium der ivative of éthyl of- dicyano- B- phenyl- 
propionate (I, R=R’=H) is allowed to react when with ethyl chloroacetate 
diethyl af-dicyano-a-phenyl-n-propane-Br-dicarboxylate (I, R' = 4H; RE 
CH3'COsEt) ‘is obtained. On hydrolysis with suiphiuric “acid (70%) the 
latter yields o:phenyl-n-propane-o87-ti icarboxylic acid, m.p. 204° (IJ, R= H): 
The acid (II, R=H), described by Hetcht ( (Monatsh, 7903, 24, 371) melts at 
110-115°, then solidifies and finally melts again at t 196- -201° and it is identical 
with | a-pheny - -tiicarballylic acid, m.p. 199°, obtained by. Stobbé and 
Fischer {Annales, 1901, 348, 231, 245): Uncertain nielting ‘point is ofter 
characteristic of tribasic acids and is doubtless due to the formation of a small 
amount of anhydride. ‘The acid (IJ, R=H) in presence of ‘sulphuric 
aeid - undergoes ring- -closure +o yield the keto-acid (UI, R=CO): ‘Tt 
is, however, possible that the product, instead of being tetrahydro: 
naphthaiene derivative might be the hydrindone derivative (IV). On 
Clemmensen ieduction it yields a gummy acid from which 1:2 :3:4- 
tetrahydronaphthalene-1 : 2-dicarboxylic acid (II, R= CH) crystallises 
out on keeping in a vacuum desiccator over sulphuric acid for a 
long time The gummy acid might be a mixture of cis- and trans- 
tetrahydronaphthalenes or a mixture of maphthalene and hydrindone 
derivative, 

u-(p-Methoxypheny])-n-propane-afy-tiicarboxylic acid (J, R=OMe) 
obtained by hydrolysing diethyl «f-dicyano-o-(p-methoxyphenyl)-n propane- 
By-dicarboxylate (I, R’=OMe ; R=CHeCOoEt) on the other hand, under 
similar treatment does not cyclise but is sulphonated. 


It has been shown by Thorpe and others (J. Chem. Soc., 1924, 2185) 


that phenylsuccinic acid undergoes ring-closure to yield 1-ketohydrindene- 
3-carboxylic acid. An extension of the method for the synthesis of 
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methoxy derivative of hydrindones hds been abandoned as it is found 
that the ring-closure of p-methoxyphenylsuccinic acid or ‘its ester does 
not take place with phosphorus pentoxide or with sulphuric acid. 

p-Methoxyphenylsuccinic acid (cf. Baker and Lapworth, J. Chem. Sve.. 
1925, 127, 5603 Chrzaszesewska, Roczniki Chem., 1925, 5,1, 33 3 Carsor 
and Stonghtoun, J. Amer. Chem. Soc., 1928, 50,‘2825) has been preparec 
by hydrolysing ethyl o@-dicyano-B- (p-methoxyphenyl)-propionate I, R= 
OMe; R= H) with 20% sulphuric acid. 


cN COsH 

i eR olices cee. 

R’ R y CHy'COoH 
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COoH - CH'CO,H ets ee 
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- Diethyl “pt Dicyanio-a a-phenyl-n-propane -By- dicaa boxylate I, R= H 
R= =CHe" COgEt). —Mandelic nitrile (66 g.) was added in small quantities 
at a time to an alcoholic stispension” of sodio-cyanoacetate, prepared frour 
ethyl cyanoacetate (56 g.), alcohol (x40 c.c.) and sodium (1.6 g.). The 
temperature was regulated ie ‘cooling in “ice-water. _ When all: the nitrile 
had been added, a clear brown solution was obtained, which was allowec. 
to-stand for 12 hours. The mixture was mixed with ethyl chloroacetate 
(65 g.) and after the initial reaction had abated, was boiled under reflux fo- 
about x15 hours. The filtered liquid was diluted with water, dried anc 
tle ether- moved. The dicyano-ester distilled as a viscous liquid, b.p. 
205-207" /4 mm., yield 60 g. (Found: -C, 653; H, 5°7. Ci7Hyg0,N 
requires C, 65°03 H, 5°7 per cent). : 

*a-Phenyl-n-pr opanc-ofy-tricas boxylic Acid (II, R=H).—The foregoing 
ester (40.c.c.) was mixed with sulphuric acid (70%, 240 c.c.) and boiled 
under reflux for 14 hours, the condenser being removed from time to -time 
to. allow the alcohoi formed to escape, The. cooled solution was them 
diluted with water, extracted with ether, and the ethereal extract treated: 
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with sodium carbonate. The carbonate solution was acidified and extracted 
with ether. The acid obtained after removal of ether was heated ona 

water-bath with a solution of sodium hydroxide (15%) for 3-4 hours. The 
solution was extracted after acidification. The residue from ether was kept 
in a desiccator, when it solidified. It crystallised from water, m. p. 204°. 
‘(Found : C, 56°8; H, 4°5. Cale. for CyHwOs: C, 5771; H,4'7 per 
cent). ne xe : 

The triethyl ester of the above was obtained in an almost quantitative 
yield from the acid (7g.) absolute alcohol (30 c.c.), concentrated 
sulphuric acid (2 c.c.), 3 litres of ‘vapourised alcohol (3-4 hours). 
After dilution with a large volume of water, the ester was extracted 
with ether, the. ethereal soiution was shaken with sodium bicarbonate 
solution and washed again, dried with sodium sulphate’ and ether 
removed. It was distilled at 185-190°/5 mm., yield 6g. (Found: 
C, 64.0; H, 71. CigHesO, requires C, 64°3; H, 7°1 per cent). 


1-Keto-tetiahydronapthalene-3 : 4-dicarboxylic Acid (III, R= CO).—The 
acid (II, R=H;5.g.) was heated with sulphuric acid (d 1. 84, 20 g.) 
on the water-bath for 2 hours. The product was poured into ice and 
after working up in the usual manner was crystallised several times from 
water, m. Dp. 179- -82°, yield 1.5g.. (Found: C, 61.4; H, 4.3. Cy2HiO; 
requires C, 61.5; H, 4.2 per cent). 

Oxidation of 1-Ketotetrahydronaphthalene- 3: jedicusbaistie Acid.~-The 
acid (4 g.) in sodium -hydroxide solution, was heated on the steam-bath 
and oxidised witha warm saturated solution of potassium permanganate 
until the colour persisted. After destroying the excess of pernianganate, 
the solution was filtered and the filtrate acidified and extracted with 
ether, the ethereal extract yielded phthalic acid, which after crystalli- 
sation from water was identified by mixed m.p. 

1:2:3:4-T etiahydronaphthalene-1:2-dicarboxylic Acid (III, R=CH,).— 
The pure keto-acti (5 g.), amalgamated zinc (4o g.), and concentrated 
hydrochloric acid (40 c.c.) were refluxed for 12 hours, more acid (40 c.c.) 
was then added and the heating continued for 12 hours. The gummy 
product, obtained after working up in the usual manner, was kept in a 
vacuum desiccator over sulphuric acid for a long time, when a small quantity 
of an acid crystallised out, m.p. 193° (rapid heating): (cf. Auwers and 
Moller, J. pr. Chem., 1925, ti, 109, 124). (Found: C, 65°2; H, 5°4. Cale. 
- for Cy2Hi20,: C, 654; H, 5°5 per cent). 

Diethyt  o8-Dicyano-o- (p-methoxyphenyl)-n-propane-By-dicarboxy late 
(I, R’=OMe ; R=CH,CO,Et).—Anisaldehyde cyanohydrin (68 g.) was 
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_ gradually added ‘to the alcoholic suspension of sodiocyanoacetate, preparec 
from ethyl cyanoacetate (56 g.), alcohol (140 c.c.) and sodium (11°6 g.) 
Considerable heat was generated after each addition and the temperature 
was regulated by cooling. The clear brown solution was allowed to stanc 
for 12 hours and the mixture mixed with ethyl chloroacetate (70 g.) anc 
after the initial reaction had abated, was boiled under reflux for about 15 
hours. It was filtered and washed with dry ether, the filtrate diluted witL 
water and extracted with ether; the ethereal solution was washed with 
water, dried and the ether removed. ‘The dicyano-ester distilled as a viscous 
liquid, b.p. 232-37°/3 mm., yield go g. (Found: C, 631; H, 5°9; 
CysH2.O;Nz2 requires C, 62°8; H, 5°8 per cent). 


a- (p-Methoxyphenyl)=n-propane-aBy-tricarboxylic Acid (II, R=OMe) 
—A solution of the above cyano-ester (20 g.) in’ concentrated sulphuric 
acid (22 c.c.) was diluted with water (320 c.c.) and refluxed for 50 hours 
on a sand-bath. After cooling, the mixture was diluted with water anc 
extracted with ether. The ethe: solution was dried with anhydrous 
sodium sulphate and the solvent removed. It was.crystallised froxm 
water, m.p. 190° (rapid heating), yield 8g. (Found:’°C, 55°13; H, 4°8 
Equiv., 95°0. CisHi,07 requires C, 55°3; H, 4°9 per cent Equiv., 94:0). 


The triethyl ester of the above acid was obtained in an almos* 
quantitative yield by the alcohol vapour method from the acid (20 g.) 
absolute alcohol (x00 c.c.), concentrated sulphuric acid (7 c.c.), 3 litres 07 
vapourised alcohol (3-4 hours). After dilution with a large volume of water 
the ester was extracted with ether ; the ether solution was shaken with 
sodium bicarbonate solution and washed again, dried with sodium sulphate 
and ether removed. It distilled at 210-15°/5 mm., yield 18 g. (Found 
C, 62°6; H, 69. CisH2sO,7 requires C, 62°29, H, 7x per cent). 


Ethyl oB-Dicyano-B-(p-methoxyphenyl)-piopionate (I, R'=OMe; R=H) 
It was obtained by the condensation of anisaldehyde cyanohydrin (55 g. 
with sodioethyl cyanoacetate as before. The clear solution obtained or 
keeping overnight was poured into water and the solution acidified witt 
hydrochloric acid and the oil extracted with ether, the ethereal solution was 
washed several times with water to remove most of the alcohol, ther 
thoroughly with a dilute solution of sodium carbonate and after drying 
over calcium chloride ether was evaporated.. The dicyano ester distillec 
as a viscous liquid, b.p. 225°/5 mm., solidifying in a vacuum desiccator 
over sulphuric acid. It crystallised from alcohol as colourless crystais 
m.p. 81°, yield 30 g. (Found: N, rz°x- CyHi,03;N, requires N, 108 
per cent). 
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p-Methoxyphenylsuccinic Acid.—A solution of the above cyano-ester 
(40 g.) in concentrated sulphuric acid (45 c.c.) was diluted with water:(z20 
c.c.) and refluxed for 40 hours ona sand-bath. After cooling, the crystals 
separated which were filtered and crystallised from hot water, m.p. 205°. 
(Found: C, 59°3; H, 5°2- Cale. for C,,Hi205 : C, 58°9 : H, 5°4 per cent). . - 

p-Methoxyphenylsuccinic Anhydride.—The above acid was boiled with 
acetyl chloride for 1 hour and after removing acetyl chloride in a 
vacuum desiccator over caustic potash, it was obtained as crystals, m.p. 91° 
(mixed m.p.). 

Diethyl (p-methoxyphenyl)succinate was obtained by refluxing the 
acid (x5 g-) with alcohol (100 c.c.) in presence of concentrated sulphuric 
acid (15 g.) for 5 hours, b.p. 185°/4 mm., yield 15 g. (Found: C, 64°6; H, 
69. CosH20O; requires C, 64°3; H, 7°1 per cent). 

Our respectful thanks are due to Sir P. C. Ray and Prof. P. C. Mitter 


for their kind interest in the work. 
~ 


Sm P. C. Ray Frn,ow’s LazoraTory, 
UNIVERSITY COLLEGE OF SCIENCE Received January 15, 1940. 
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COMPOUND FORMATION IN SOLUTIONS. PART I. 
PYRIDINE AND ACETIC ACID. 


By S. VENKATARAMAN. 


Singularities in physical properties accompanying compound formation in bina-y 
liquid mixtures are discussed, and it is pointed out that a maximum in viscosity-cot- 
centration curve is not a conclusive evidence of compound formation. Intensity ard 
depolarisation of scattered light and maguetic susceptibilities of pyridine-acetic acd 
mixtures of different concentrations are determined and these experiments seem ~o 
indicate the formation of a chemical complex containing 60 mol. % of the acid ard 
40 mol. % of pyridine. Viscosity-concentration curve, however, shows a maximum fer 
a mixture containing 78 mol % of the acid. 


Two liquids having considerable affinity for each other combine 
form a chemical complex when mixed. All cases of compound formation 
in solutions are accompanied by certain singularities in physical properties 
of the mixture, those that were mostly studied being, heat of solutions, 
density, viscosity, surface tension, vapour pressure and refractive index. 
Particularly viscosities of solutions Were widely studied to consider con~ 
pound formation (Hatschek, ‘‘ Viscosity of Liquids’, 1928 Chapter IX). 

The early work on the viscosity of binary mixtures was to find out th= 
law of “‘ ideal ’’ mixtures which has, however, proved elusive so far. The 
large amount of experimental data accumulated show that most mixtures 
exhibit viscosity maxima for a particular concentration of the components 
Dunstan and his collaborators (Dunstan and Thole, “ Viscosity of Liquids’ , 
I917, Dp. 44) have pointed out that components of mixtures showing maxima 
in their viscosity-concentration curves are generally those which have a 
considerable affinity for each other and therefrom conclude that a maxi- 
mum in viscosity-concentration curve should be regarded as indicating 
compound formation between the components in the mixture. The 
prodigious amount of experimental results supplied by Dunstan and co- 
worker (J. Chem. Soc., 1904, 85, 817; 1907, 94, 1728; 1913, 108, 1108). 
Tsakalatos (Bull. Soc. chim., 1908, iv, 8, 134) and others seem to point 
out that the above view is fairly conclusive. This view is supportec 
by actual demonstration of compound formation ; we know from chemica” 
evidence, that a hydrate is formed when acetic acid and water are mixed 
in the ratio of about 80% by weight of the acid to about 20% by weight of 
water. Viscosity-concentration curve also shows a maximum in mixture 
containing 80% by weight of the acid, 


3 


. 


298 S. VENKATARAMAN 


In liquid mixtures, besides the large change in viscosity that 
indicates formation of chemical complexes, there are other singularities 
in physicai properties, which also seem to indicate the same chemical 
combination. In acetone-chloroform mixture a minimum in the 
vapour pressure curve (Zawidzki, Z. physikal. Chem., 1909, 89, 129) occurs 
for about the same proportion of the components giving a viscosity maxi- 
mum (Faust, ibid., rgr2, 79, 97) ; a maximum deviation from the mixture 
law values of magnetic susceptibilities (Buchner, Nuture, 1931, 128, 301; 
Ranganadham, Indian J. Phys., 1931, 6, 421) is also exhibited for the same 
proportion of the components. Density determination of acetic acid- 
water mixture (Oudemans, L. B. M. Tables) indicatesa maximum density 
at 80% by weight of the acid. Krishnamurti’s work (Indian J. Phys., 1931, 
6, 40x) on Raman-effect in acetic acid solutions shows the appearance of a 
new line (1707 cim.~!) and the disappearance of the line (1667 cm.~!) 
originally present, when the concentration reaches 77% of the acid. ‘The 
magnetic susceptibilities of acetic acid-water mixtures determined by 
Sibaiya and Venkataramaiah (Indian J. Phys., 1932, 7, 393) also show a 
maximum deviation from the mixture law relations for the same proportion 
of the components. ; ; ~ 

‘A comparison of the viscosity and vapour pressure data available shows 
that for a maximum in the viscosity curve of a certain mixture, there 
corresponds a minimum in the vapour pressure curve and vice versa (cf. 
Faust, loc. cit.; Yajnik, Bhalla, Talwar and Soofi, Z. physikal. Chem., 1925, 
148, 305). Mixtures of pyridine and aniline with acetic acid show maxima 
in viscosity curves and minima in vapour pressure curves ; and the mixture 
of acetone and carbon disulphide shows a viscosity minimum and vapour 
pressure maximum. Zawidzki (loc. cit.) has shown that pyridine-water 
mixture behaves anomalously, as both viscosity and vapour pressure curves 
show maxima. This is explained by supposing that the compound formed 
in solution is dissociated to the extent of 96% in the vapour. Krishna- 
murti’s work (loc. gié.) shows that a compound is formed when the liquids 
are mixed in the proportion necessary to produce viscosity maximum. ig 

‘The vapour pressure data by Zawidzki for acetic acid-pyridine mixtures .” 
show an anomalous behaviour, as the vapour pressure curve indicates a 
minimum for a mixture containing 50 mol. % of the acid and two points 
of inflexion corresponding to mixtures containing 30 and 80 mol. % of the 
acid. He suggests the possibility of the existence of two compounds, one 
containing more pyridine corresponding to the first point of inflexion and the 
other containing more acid corresponding to the second point of inflexion. 
Viscosity curve shows only one maximum at 78 mol. % of the acid, while 
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the density of the mixture is a maximim at 86 mol. % of the acid. Bat 
according to Hatschek (“Viscosity of Liquids,’ 1928, p. 248) there is 
considerable evidence to show the formation of a compound containing thrze 
molecules of acetic acid and two of pyridine, i.e., in a mixture containing 
60 mol. % of the°acid. Hence this work was undertaken to see if other 
physical properties of the mixture show any singularities indicating com- 
pound formation. 

Among the physical properties which have not been widely used so far, 
are the intensity and depolarisation of light scattered by solutions. Ostwald 
(Tians. Faraday Soc., 1913, 9, 43) showed a parallelism between tie 
viscosity and opalescence of partially miscible liquids as critical solutien 
temperature is approached. Rav (Proc. Indian Assoc. Cult. Sci., 1924, 9, 1D) 
has shown that the intensity of light scattered exhibits a maximum for 
a particular concentration, while the depolarising factor shows a imizi- 
muin for another concentration. To verify his formula for scattering in 
binaiy mixtures, selection of liquids was arbitrary and the mixtures were 
not those that were likely to form chemical complexes. Hence tie 
study of the variation of depolarising factor and the intensity of the 
scattered light in acetic acid-pyridine mixtures, in which a compound is 
supposed to exist, has been undertaken. 


EXPERIMENTAL, 
Light, Scattering in Acetic Acid-pyridine Mixtures. 


Measurement of Depoiartsation.—The liquids employed were renderad 
dust-free by the method originally used by Martin and others (J. Phos. 
Chem., 1920, 24, 478 ; cf. also Raman and Seshagiri Rao, Phil. Mag., 1973, 
45,625). Several bulbs containing dust-free pure liquids and solutions of 
known concentrations, including those with 60, 78 and 86 mol. % of the 
acid were prepared. (A large amount of heat is given off on mixing 
the pure liquids presumably indicating compound formation). 

Sunlight was reflected by means of a heliostat on the object glass of a 
telescope {aperture 4”, focai length, 1 meter), placed in a dark room. ‘The 
bulbs were immersed one after another into a rectangular tank (the outs-de 
of which was blackened leaving only three windows as in the case of the 
bulbs) containing distilled water The narrow intense beam of sunlight 
emerging out of the tube of the telescope was made to pass axially through 
the bulb immersed in the tank. 

The depolarising factor, y, of the scattered light was measured by mecns 
of a double image prism and nicol in the usual manner (Wood, “ Physizal 


300 S. VENKATARAMAN 


Optics,’’ ard Ed., p. 432). The results obtained (curve I, Fig. 1), indicate 
a minimum in the depolarisation-concentration curve, which occurs in a 
mixture containing 60 mol. % of the acid. 
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Intensity Measurements.—The same bulbs were used for the measure- 
ment of the intensity of scattered light. The bulb containing pyridine 
was used as the standard. ‘The other bulbs were placed one after another, 
in contact with and by the side of the pyridine bulb, so that the light 
passed straight through the bulbs. A rotating sector photometer (Hilger’s) 
was used for the measurement of intensity. ‘he intensity-cencentration 
curve (curve II, Figure 1), shows a inaximum for the mixture showing 
a minimum in the y-concentration curve. 


Measuienent of Mugnetic Susceptibility —Quincke’s method was used 
for the determination of the magnetic susceptibilities of the mixtures. ° 
Two uniform capillary tubes, of not too narrow a bore, were supported 
vertically between the flat pole pieces of a large Pye’s electromagnet 
specified to carry a maximum current of 12 amps. Each capillary tube 
Was connected at both ends to a wider tube, about a foot away, by glass 
tubing so as to forin a closed system. One of the capillary tubes contained 
pure distilled water, whose susceptibility was assumed to be ~0°720x x07 §, 
The other tube was for liquids to be experimented upon. 


If 8 isthe depression of the meniscus in any one of the tubes on 


switching on the current, then the specific susceptibility x of the liquid 
in it is given by the relation, 
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— 28g , Po 
x= HW Pp —~X0 
where H is the magnetic field, p, the density of the liquid, pp and xg, are 
the density and susceptibility respectively of the air-vapour mixture above 


2 . 
the meniscus.. The above relatiou reduces to 


_ 29g 

~~ H 
as the second term on the right is negligibly small compared to the first. 
If x;, 8; are the susceptibility and depression in the meniscus in the 
case of water in one of the tubes, and xg and 5, stand for the same -quantitizs. 
in the case of the liquid in the other tube, we have : 


Xi— 51 


x3 85 


whence x9 can be calculated assuming x1. 

To make sure that the results obtained by this method are reliable 
certain liquids, viz., benzene, chloroform, carbon tetrachloride, acetic acid, 
and pyridine, whose susceptibilities are definitely known, were first used 
“for investigation and the results obtained agiee quite closely with the 
standard vaiues in the International Critical Tables. 

The bulbs used in the previous experiments were opened and the 
susceptibilities of the mixtures contained in them were determined. In 
Table II the experimental results are recorded in the third columa 
and the second column gives the values for the corresponding mixtures 
calculated from the additive law. The last column gives the percentag> 
deviation from the mixture law values. The maximum deviation occurs in a 
mixture containing 60 mol.% of the acid. 


TABLE I. 
> 
Mixture Susceptibility 9 bas 
(Mol % acid). Cale. Found. * Deviation. 
Qo ety —0°637 x 1076 

10 —o0°627 x 10°6 —0'625 o'319 
30 —0°603 —o°6rzr 1°33 
50 —07578 2 —0'590 2°08 
60 _ —0'569 . —0°588 3°34 
78 ~0°553 07562 1°63 
86 ~-0°527 —0'°535 1°52 


100 aie —0°503. ace 
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DIScUSSION. 


The depolarisation and intensity measurements of scattered light and 
magnetic susceptibility measurements indicate the existence of a chemical 
complex containing three molecules of the acid and two of pyridine. But 
the data for viscosity, density and vapour pressure do not condfrm this 
conclusion. ‘The viscosity maximum is obtained with a mixture containing 
78 nol.% of the acid and density maximum with a mixture containing 
86 mol.% of the acid. The suggestion put forward by Zawidzki and 
refeired to earlier in this paper could not be verified, es physical properties 
other than vapour pressure. do not seem to show any singularities at 
points corresponding to the two points of inflexion in his vapour pressure 
curve. 

It is interesting to note that viscosity maximum in this case does not 
definitely indicate compound formation. It is therefore to be doubted 
whether any maximum in a viscosity-concentration curve may be safely 
assumed to be due to the formation of a compound, although the converse 
that maximum occurs whenever there is chemical combination is generally 
held to be true. An objection similar to this was raised by Senter (*‘Out- 
lines of Physical Chemistry’’, 1925, p. 342), in connection with alcohol- 
water mixtures. Kurnakow and his collaborators (Z. physikal. Chem., 
1913, 28, 481), who do not consider the maxima which shift with tem- 
perature being sufficient evidence of compound formation, find a new type 
of graph characteristic of binary mixtures containing compounds. ‘The 
graph consists of two branches convex to the concentration axis which 
meet at an angle at the maximum point. The composition corresponding 
to the maximum point is independent of temperature. Dunstan and Thole 
(loc. cit.) explain the shift of maxima with temperature thus: “The 
maximum will coincide with the composition of the compound formed 
only if the viscosity of the compound is greater than one or both the 
components and df all or a large portion of the components combine’’. 
Perhaps the lability of the compound formed might also account for the 
shift of maximum with temperature. 

Hence, in the case of acetic acid-pyridine mixtures, it is possible 
that the greatest amount of the compound is formed in the mixture 
containing 60 mol.% of the acid, but the viscosity of the compound being 
less than one or both the coniponents, it is not a maximum for this 
particular concentration. The further the addition of acetic acid, the 
more viscous the component, has the effect of increasing the viscosity tili a 
maximum is reached at 78 mol.% of the acid. 
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The magnetic susceptibility data show deviations from mixture jaw 
values, being about 3.34% for a mixture containing 60 mol.% of the acid_ 
This deviation is quite in accordance with theoretical expectation as the 
molecules of both pyridine and acetic acid are polar, associated anc 
asymmetric. ‘ 

The investigation will be extended to the study of Raman-effect an€ 
other physical properties of the mixture. 

“The author takes this opportunity to express his grateful thanks 
to Prof. J. C. Kamesvara Rav, Nizam College, who suggested this 
problem, for helpful guidance and encouragement throughout the progress 
of this work. 


Parysical, LABORATORY, 
NizaM CoLiicr, HyprraBaD, Deccan, Received March 4, 1940 


THE REACTION BETWEEN AQUEOUS IODINE 
AND SOCIUM FORMATE. 


By W. V. Buacwat. e 


The reaction between aqueotis iodine and sodium formate has been studied in the 
dark and the effect of various salts, such as KCI, NaCl, NH,CI, K,SO,, NaNO; and 
NHjI investigated. It is observed that effect of the three chlorides is similar: velocity 
constant at first increases with the concentration of chlorides and then falls. It seems 
that though Cl’ions act as positive catalyst, K , Na’ and NH,’ ions retard the reaction, 
the order being NH, > Na’ >K’. It also appears that NaCl, KCl and NH,C! molecules 
likewise retard the reaction. ‘The effect of iodide ion in NHI is comparable to that in KI. 
Temperature coefficient of the reaction -n aqueons iodine is less than in presence of KT. 
The relation between intensity and velocity for this reaction in presence and absence 
of KI and other salts has been investigated and in all cases the relationship was found 
to be less than direct. 


The dark reaction between sodium formate and iodine dissolved in 
potassium iodide was studied by Dhar (J. Chem. Soc., 1917, 144, 707) 
aud by Doosag and Bhagwat (J. Indian Chem. Soc-, 1934, 14, 331; Z. 
anorg. Chem., 1944, 246, 241). No work seems to havé been done using 
aqueous iodine free from potassiam iodide. In this paper the reaction 
between aqueous iodine and sodium formate has been investigated and the 
effect of various salts on this reaction is recorded. 


TABLE I. 


Dark reaction in absence of potassium iodide. 
Conc. of 1,=0'001207N. Conc. of HCOONa=0'48 g. per litre. 50 C.c. of 
each solution were mixed together and various quantities of the solid salt 
dissolved in it. 


‘Temp. Salt. Amount. Ki. Temp. Salt. Amount. Ky. 
30°5° KCl ° 0700582 30°5° NaNO; ° o'0058 
00°5 0°C0630 0°9471 00050 
1'o 000650 1°6576 00046 
270 0°00493 2°16 0°0048 
NaCl 0 0°00580 KNO3 o o'0058 
o's 0°00637 O'5 0'0052 
Io o"90514 L'I275 o’eo51 
20 oc 049 
NH,Cl ° 0 0058 
0 3246 0°0064 
09965 070046 24.° Conc. of Ig=0'c0113N. Cone. of HCOONa 
2°3631 0°0028 =o'g6 g. per litre. 
K,SO, ° 070058 
1°2320 o’0060 NH,I ° 0°00400 
2°0144 o’o0s6 0°8280 "000234 
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The results clearly show that the effect of the three chlorides is similar. 
The velocity coefficient in all cases passes through a maximum, showing that 
though Cl’ ion acts as positive catalyst, the cations actually retard the reactiot, 
the order being NH," > Na’>K’. Moreover, the decrease in the velocity cc- 
efficient with the increased concentration of the chlorides shows that 
these molecules also retard the reaction, since the concentration of thes> 
molecules increases with the increased concentration of the salt with 
consequent decrease in the degree of dissociation. 

K,SO,, KNO;, and NaNO, retard the reaction, NaNO, showing the 
maximum effect, thus confirming the view that Na’ ion has a greater retarding 
effect than K* ions on this reaction. 

NH,I like KI retards the reaction and when their results are expressed 
in terms of the concentration of iodide ion, retardation becomes proportionél 
to it. 

The first addition of KI causes remarkable fall in the velocity 
coefficient, but subsequent fall is proportional to the concentration of K7, 
as is evident from Table IT. 





TABLE II. 
Conc. of HCOONa=5'2612 g. per litre. Ip=o'oor23N. Temp.=30°. 
Amount of KI. Kj. Ratio of K,. Ratio of a 
° 000465 oe =3 oes =29 
0°335 0°00351 ad =2'1 woe =x 
1039 0 00123 , 
2°15 0°000562 ae =6'3 oe =6'T 


The temperature coefficient of this reaction in presence of KI & 
recorded—in a previous paper (loc. cit.) and K.,/Ke, has the value of 2’r. 
In absence of KI the temperature coefficient falls and 

O'O140 
0’ 0091 





Ky,/Kas= =1'53, whence K2,/Ko, =1'54 


Decrease in the temperature coefficient in absence of KI is in accordance 
with our explanation that the acceleration of a reaction depends upon its 
initial velocity. Under same conditions, the velocity of reaction is greater 
in absence of KI. than in its presence and hence the acceleration in absence 
of KI is smaller. The temperature coefficient is therefore less in aqueo.s 
iodine than in iodine dissolved in KI. Acceleration depends on tke 
number of inactive molecules activated and always the same fraction 
of inactive molecules is activated according to Maxwell’s rule for tke 
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same change of temperature. Hence when initial velocity is correspond- 
ingly higher, the number of inactive molecules is smaller and acceleration 
due to'temperature is therefore also smaller. 

The photochemical reaction between sodium formate and iodine in 
presence of a definite quantity of potassium iodide was first investigated by 
Mukherji and Dhar (J. Phys. Chem., 1929, 88, 850) but the reaction between 
aqueous iodize and sodium formate in light remained uninvestigated. ‘The 
relation between intensity and velocity for this 1eaction was studied by 
Dhar and Bhattacharya (J. Indian Chem. Soc., 1929, 8, 475) but they did 
not avoid the presence of potassium iodide. They showed that the relation 
between intensity and velocity may be direct, less than direct or greater 
than direct depending on the amount of photochemical acceleration over 
the reaction. 

In a previous paper (Bhagwat, J. Indian Chem. Soc., 1934, 14, 443), ithas 
been shown that photochemical acceleration is a function of inactive 
molecules existing in the reacting system at the time of activation by lght 
and that true photochemical reactions must always show a relationship 
which is less than direct and can never show a relationship greater than 
unity, The results obtained in the present investigation confirm the above 
conclusion (cf.Bhagwat, J. Indian ‘Chem. Soc., 1933, 10, 649) and other 
numerous reactions : it is also confirmed in the present reaction between 
sodium formate and aqueous iodine with and without the addition of various 
salts. Results are shown in the following tables. 

TasyE III. 
Reaction in absence of potassium iodide. 
Conc. of I1,=o’00123N. Cone. of HCOONa=0'g9252 g. per litre. In 
all cases 2g. ci the salt are added to x00 c.c. of the mixture. — 


Temp. Salt. Dark Distance True K,in Ratio Of Ratio of 
By from source light. intensities. velocities. 
3S 3 . J : 0 0035 cathe 
28 Nil 0'0095 o’5 metre - 0°0035 4 adage 6 
: I 0°0022 ~~ — 
. O'o03t 
2 o°00r0 16 Seo. 08 
° F . : o'003r i. 
28 KBr 0°0047 o's 0°0031 9 oooos | 39 
I's 00008 — _ 
o"oor61 
26° KCI 0°00366 = 05 o‘00161 4 coe = 16 
x : 000098 _— a 
2 0°00054 16 Sieoror =30 
0°00054 
sys ee. ; e"00040 
252° NHC] 00034 2 000020 4 . aes. 


t 0"00040 — Le 
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Tass IV. 


Reaction in presence of potassium iodide. 
Cone. of Ig=N/a2z'55. Conc. of KI=51°7181 g. per litre. Conc. of 
HCOONa=32 g. per litre. In all cases 2 g. of the salt are added to 100 c.c. 
of the mixture. 





Temp. Salt. Dark K;. Distance True K,; —_Ratio of Ratio of 
from source. in light. intensities. _ velocities. 
3 . : . o'00080 
24 Nil —0'0055 I metre 000080 4 orcs? 
2 
0°00040 _ - 
7 oa she * sass; o’o0060 
25 ir f aQ’ooor 0's 0°000! 4 0°00035 =1'75 
I 0700035 — — 
; 6 o’00060 
2 060020 1 Saco 8 





° eS 070008 
24 NaBr 00059 o's 0°00085 4 come =1'4I 
I o'00060 — = 
. 0°00030 x6 000085 ; 
0°00030 83 
26° Nal 0°00132 x 0°00030 aw =1'9 
2 000016 _ & 
24'2° NH,I  o’o0r32 I 0°00013 4 aoe =1'9 
2 0°00007 — ; _ 


All these results point out that even in presence of potassium 
iodide and other salts, when the reaction is highly retarded, the relation 
between intensity and velocity never exceeds unity but it always remains 
appreciably lower. 


CHEMISTRY DEPARTMENT, : 
HOLKAR COLLEGE, INDORE. : Received January 29, 1940. 


PHYSICAL CHEMISTRY OF RESIN SOLUTIONS. PART I. 
ANOMALOUS SOLUBILITY OF SHELLAC AND OTHER 
RESINS IN ORGANIC SOLVENTS. 


By Santi Ranjan Pari. 


Influence of water and other polar helpers on the shellac-acetone system has been in- 
vestigated on a quantitative basis; wide discrepancies among the solubility values as 
reported by different workers have been attributed to the presence of minute traces of 
mioisture either in solutes or in solvents Manv other solubility peculiarities of resins 
have also been attributed to same or similar cause 


Solubility of resins, in particular, in different solvents presents some 
apparently puzzling aspects which have scarcely any analogue in the case of 
non-resins. Thus we find that (a) when the solution of a resin in an 
organic solvent, such as shellac in acetone, pontianak or manila copalin 
alcohol, or the soft resin of shellac in ether, is diluted with the same solvent, 
turbidity resulting. in the precipitation of the resin occurs (cf. Coffignier, 
‘Varnishes, Their Chemistry and Manufacture’’, pp. 43, 47). (b) 
Secondly, when a given quantity of any solvent has dissolved sufficient 
quantity of a resin added to it and refuses to dissoive more (i.e. apparently 
saturated), further solution may be effected by addition of more resin. 
This is generally explained as a colloidal phenomenon according to 
‘“‘Bodenkétperregel ’’’ of Wo. Ostwald and Von Buzagh (“Colloid 
Systems’, 1937, p. 251) applicable to colloids. Barry (‘‘ Natural Varnish 
Resins’’, 1932, p. 18) also refers to such observations and ascribes them 
to colloidal effects. (c) Thirdly, it has been observed that while it is difficult 
to prepare a dilute solution (say 5% of shellac in acetone) even by boiling, 
a concentrated solfition (30 or 40%) can be prepared without any difficulty, 
‘These types of anomalous solubilities of resins are well known to practical 
varnish manufacturers, although the real mechanism of these has not yet 
been clarified. The present investigation is directed to elucidate such 
behaviours and to,offer explanation, if possible ss 

As to (a) and (c) Tsthirch and Stock (‘‘ Die Harze’’, 1932, Band I, 
pp. 111, 147) remark that “‘Sehr haufig beobachtet man namlich bei 
Harzen die Erscheinung, dass sich des ganze Extreckt Z.B. in wenig. Ather 
lost, dass aber bei Zusatz von mehr Loésungsmittel ein Teil wieder ausfallt, 
Hat nun der ein Beobachter wenig Ather fiir den Versuch verwendet, so wird 
er die Angabe machen: das Harz ist schon in wenig Ather vollsténdig 
loslich ’’ hat der andere Beobachter aber von vornherem viel Ather benutzt, 
so wird er beidem gleichen Harze die Angabe registrieren : das Harze ist 
selbst in viel Ather nicht vollstandig léslich.”’ They explain this on the 
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assumption that resins are usually, mixtures of which the insoluble constituents 
dissolve in a concentrated solution of other soluble resins present. This 
assumption cannot, however, be generally justified in view .of the fact that 
many highly purified resins, which are known to consist of single molecular 
species, also exhibit Such behaviours and also in view of the observation tha: 
the precipitate formed by dilution with the solvent and the residue remaining 
undissolved, usually contain all the constituents individually. In regard to 
(c), Drummond (J. Oil & Col. Chem. Assoc., 1925, 8, 64) explains the muttal 
solubility relationship on consideration of a solution of an organic liquidin 
the resin. But such a view does not seem to be probable from our general 
experience in solubility. Mardles (J. Sec. Chem. Ind., 1933, 42, 135) cb 
served that not only with cellulose acetate but also with resin “a liqrid 
appears to be a better soivent at higher concentrations ’’ and thus suppo-ts 
Livache ae McIntosh (‘‘ Manufacture of Varnishes ’’, 1911, Vol. I, p 
359) that “a concentrated copal solution is often precipitated by adding 
more of the solvent.”” Mardles suggests that under such conditions a portion 
of the colloid is not actually dissolved but simply remains dispersed ir a 
relatively coarse manner. Garder and Harris (Ind. Eng. Chem. Anal Ed. 
1934, 6, 400) observe that for resins “‘ the solute constituents have a tendenc7 
to carry into solution material which otherwise remains insoluble in a 
suspended or colloid state ”’ 

From thermodynamical considerations it is easy to show that if a solute 
lowers the vapour pressure of a solvent, dilution of the system by the sam2 
solvent cannot lead to the precipitation of the solute. Since it has been 
observed by the author that in these solutions there is always a lowering cf 
vapour pressure of the solvent (determined by boiling point method ia 
Cottrell’s apparatus) it is quite likely that the system considered is not purely 
a simple two-component system, but there may be complexities presert 
which are responsible for these peculiar behaviours. This idea is cor-c- 
borated by the fact that the anhydrous resin is not soluble in the pure Cry 
solvent and is only soluble when a small quantity of water is present. ‘Tbe 
presence of ‘ polar helpers’ necessary for effecting solution has already been 
observed in many other systems by workers in other fields, Thus, Holnes 
and Maxson (“Colloid Symposium Monograph’’, 1928. Vol. V, p. 287) fora 
it necessary to add traces of moisture to dissolve dry sodium stearate emi 
palmitate in hot turpentine, and Faensteiner for barium oleate ina mixture 
of dry benzene and absolute alcohol (vide, Holmes, “Introductory Colloii 
Chemustry’’, 1934, p.1oo). Even in oil varnishes the addition of a sirall 
quantity of hydroxylic compounds has been found to be helpful to prevert 
gelling, technically known as ‘ livering ’ of varnishes. 
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It has, therefore, been thought desirable to assess the réle of water and 
other helpers in such systems in a quantitative way and in the present paper 
the shellac-acetone system has been used throughout because the anomalous 
effects described herein are all readily observable and easily reproducible in 
this single system. ° 


EXPERIMENTAL. 
A. Influence of Wuler on the Shellac-acctone System. 


Influence on Solubility —Dewaxed lemon shellac(zo g.) was treated 
with roo c.c. of acetone in stoppered conical flasks and warmed on a 
water-bath till clear solution was effected. ‘This was then set aside for 24 
hours. A jelly-like mass of shellac separated out and the supernatant liquid . 
was decanted through a dry filter paper. 2 C.c. portions of this solution 
after addition of méasured quantities of water from a microburette were 
treated with dry acetone from a burette until precipitation of shellac just 
commenced, which could be easily ascertained if the solutions were viewed 
against a dark background with lateral illumination. Results given in 
Table I show absence of any precipitation in presence of sufficient concentra- 
tion of water in the system. 


Tas.E I. 


Volume of shellac solution used=2 c.c. 


Water added (c.c) «4. 0-00 0-02 0°02 0-04 0-05 0 06 0 08 oro 
@ Precipitating vol. a 
of acetone \C.c.} ... 17 2°3 38 79 10°1 19°7 completely miscible 


It is evident that the solubility of shellac in acetone depends largely on 
the concentration of water. So the solubility of shellac has a meaning only 
with reference to the concentration of water present in the system. 

This aspect of the question was further investigated by determination of 
the solubility of dry shellac in acetone. As it is difficult to desiccate shellac 
absolutely free from moisture, the hard resin constituent of shellac was used 
in such experiments. Dewaxed shellac mixed up with coarse sand was 
repeatedly extracted with ordinary ether. The soft resin portion, which is 
soluble 1n moist ether, was removed by solution and the hard resin left (mixed 
with sand) was repeatedly washed with anhydrous ether and dried. This 
was then dissolved in absolute alcohol, precipitated out by dry ether, washed 
with ether free from alcohol and dried again in a current of warm air. This 
hard resin (also called pure resin, Reinharz, or a-lac) shows a solubility of 
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o'71 g./100 g. of acetone when i g. of it is boiled with ro c.c. of acetore 
and set aside for some time. ‘T‘his insignificant solubility is perhaps due to . 
a trace of moisture still left unremoved in the resin. 

Similar phenomenon has also been observed with the soft resin cf 
shellac in ether and Also in that of pontianac in alcohol. 

Influence on Gel Formation.—20 G. of the same shellac were treated 
as before, 50cc. of acetone were added and the changes towards gel 
formation observed with addition of increasing amount of water. Resul's 
are represented in Table I. ; 


TaBiE II. 


Shellac used=20 g. Acetone added= 50 c.c. 


Water added. Observations. 
oo ¢.c. Swelling of solid with a slightly turbid solution. 
Orr A non-homogeneous gel with solids admixed with a supernata xt 
solution. 
0-2 A homogeneous gel with a small quantity of supernatant solutioa. 
0:3 A completely homogeneous non-flowing stiff gel. 
o's A homogeneous viscid treacle-like liquid 
10 A free-flowing slightly sar solution, 
2°0 A free-flowing homogeneous solution 


Table II clearly brings out the effect of water on the process of g2! 
formation and shows that even a slight change in the concentration of mois- 
ture may sometimes convert a gel to a free-flowing liquid. (This corres- 
ponds to the lightly shaded portion in the three component diagram, vice 
ufra). The addition of water obviously reduces the viscosity of the 
solution. 


t 


B. Influence of Various Foreign Substances on Solubility. 


It has been observed qualitatively by many workers that water is not 
the only polar helper and, in fact, any polar compound like alcohol, glyccl, 
etc., functions in a similar way. Hence the influence of all hydroxylic and 
carboxylic compounds as helpers, as well as of hydrocarbons like benzene, te- 
luene, cyclohexane, has been investigated ina quantitative way. Half a gram 
of dewaxed shellac (dried in vacuum at 42° and stored in a vacuum desiccater 
over sulphuric acid) was kept with 1oc.c. of dry acetone in loosely stoppered 
thick-walled pyrex test-tubes, partly immersed in a thermostat at 50°. Thcs 
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proportion of shellac to acetone was chosen as the saturated solution had 

~+ notendency towards gel formation. Gradually increasing quantities of 

different liquids (up to4c.c. in steps of 0°03 c.c.) were run into the test 

- tubes from a microburette until the shellac completely dissolved and the 

solution remained clear on cooling to room temperature (27°). Experiments 
were conducted in duplicate and the results are summarised in Table III. 


TaBLe III. 
Amount necessary Amount necessary 
per Io c.c. acetone. per To c.c. acetone. 
ome i ici eet een 
Substance. G. G. mol, Substance. G. G. mol. 
1. Water 0°53 0°029 12, Xylene No action _ 
2. Methyl alcohol Y-I2 0035 13. Petrolenm ether Do _ 
3. Ethyl alcohol 1°47 0-032 14. Formic acid 062 0-014 
4 2-Propyl alcchol 1-27 O*02I 15. Acetic acid 2:20 0-030 
5° n-Butyl alcohol 1-68 0-023 16. Propionic acid 2°54 0 034 
6 Amyl alcohol 2-36 0-026 17 Lactic acid 0°69 0°0077 
7. Benzyl alcohol 1°69 o-o15 18. Diethyl ether No action _ 
§. Glycol 0-903 0-014 19. Chloroform Do = 
g. Glycerol Immiscible — 20 Carbon tetrachloride Do o 
with acetone 
_ ar Cyclohexane Do _ 
10, Benzene No action  — 22. Methyl ethyl ketone Do ase 
31. Toluene Do _ 23. Ethyl acetate ~.“ Do oo 


Tt should be noted that only polar substances like alcohol, acids, etc., 
serve as helpers in such solution process but the hydrocarbons, ethers, 
ketones, etc. ere without any effect. It is remarkable that lactic acid, which 
is both an acid and an alcohol, is the most powerful agent in causing such 
solutions. In the light of these observations the cause of anomalies among 
the values of solubility observed by different workers is thus not difficult to 
foresee. The fact that high molecular weight compounds like resins, 
nitrocellulose, etc. are sometimes more easily soluble in commercial than in 
pure solvents can also.be easily understood from this. 


DrscUS SION. 


hese observations may be understood in the light of current 
conceptions regarding solvation of large molecules (Sheppard, Carver and 
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Houck, “‘Colloid Symposium Monograph,” Vol. V. p. 243; Hildebrand, 
“‘Solubility’’, Chapters IV, V, and VI) which have been succesfully applied 
in a parallel case viz. in nitrocellulose which dissolves in a mixture ot 
alcohol and ether but in none of the solvents singly. 

There are reasons to believe that large molecules of shellac having 
their molecular weight 1000 may be composed of hetergeneous groups, 
some of which being hydrophilic may be insoluble in acetone, while others 
dissolve in it. Consequently the complete molecule cannot pass int 
solution as a whole. The presence of hydrophilic groups in shellac is ind-- 
cated by the supreme difficulty associated with its complete desiccation 
due obviously to the great tenacity with which it absorbs and retains 
moisture. ‘These hydrophilic groups adsorb water molecules from moist 
acetone with the hydroxyl group of water oriented inwards and presentimz 
the hydrogen atom towards the solvent, which can now easily dissolve the 
whole molecule of shellac. The forces which bring about the adsorption cf 
solvent molecules on the large stout molecules are quasi-chemical or due to 
residual affinity which is perhaps dynamic in nature, according to Lang- 
muir’s idea, as described by Hildebrand (‘‘Solubi@ity’’, Chap. IV). In facz, 
the process of peptisation is not limited to giant molecules or micelles cf 
colloidal dimensions, but seems to occur in molecules of all sizes and 
weights, resins being but cases where the mass of peptised molecules lies 
between 300 and rooo. In the same extended sense, peptisation is occurr- 
ing in the solution of soap in turpentine, of calcium acetate in alcohol in 
presence of traces of water. 

On the basis of this picture, the solubility of shellac in different solvents 
can be understood. The soft resin of sheilac, which contains a preponderance 
of non-polar groups dissolves in solvents like ether, toluene, esters, etc. more 
easily if these solvents are moist or contain a small quantity of poler 
liquids like water, alcohols, etc. which confer upon them a slight degree of 
polarity. The insolubility of hard resins under the same circumstances 
may be explained as due to its comparatively large Size (mol. wt. about 
2000) being composed of a variety of groups of different degrees of polarit~. 
The necessarily low concentration of moisture in most non-polar organ“c 
solvents explains the preferential solution of the soft resin constituent of 
sheliac in them. It is quite likely that by adjusting the polarity of the 
solvent like toluene, acetone, etc. by addition of suitable polar compounds 
as alcohol, water, acetic acid, etc. the soft resin can be easily dissolvcd 
out of shellac leaving the hard resin almost unaffected. A combination 9f 
two miscible solvents, one polar and the other non-polar, in suitatde 
proportions may also produce an appropriate solvent for hard resin > 


5 
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_ Shellac, though they may not be solvents when used singly. Such combi- 
nations have been realised experimently, some typical cases being acetone 
and glycol, methyl acetate and water or glycol, etc. 

The sweiling of shellac in different non-polar splvents like benzene, 
ether, etc. is probably due to the solvation of the non-polar part by the 
solvent. That partial solvation of the resin molecule occurs even with 
non-solvents, is plainiy shown by warming pure shellac resin with dry 
acetone. ‘The glassy (vitreous) resin swells to a loose, fluffy mass which does 
not go into solution, but on addition of a few drops of water, swells to a 
homogeneous gel and quickly dissolves in the solvent. , 

The significance of such phenomena appears to be far-reaching and 
throws light on the question of the ultimate molecular structure of. resin 
and the solvation of its atomic groups. The ‘blushing’ of shellac films 
and the comparatively low water resistance of ordinary shellac mouldings, 
for example, may be ascribed to these hydrophilic groups. Judging 
from this we should naturally expect that combination with a polar 
substance having less affinity for water will make shellac comparatively 
resistant to water. Addition of urea has been recommended (Venu- 
gopalan, Ranganathan and Aldis, Synthetic and Applied Finishes, 1934, 
5, 161) for non-blushing shellac-spirit varnish which undoubtedly acts 
by being adsorbed and thus covering the hydrophilic carboxyl groups. 
Cellulose is perhaps the best to this requirement and in fact it has been 
observed that mouldings obtained from well dried shellac with cellulose 
fibre as filler in the form of blotting paper, cotton, paper-pulp etc. are 
much -strouger and more water-resistant. The solubilisation of shellac 
in drying oil by acetylation or by heating with glycerine in the oil mixture 
can also be understood from the above discussion. Britton (J. Oil. Col. 
Chem. Assoc., 1928, 2, 325) observed that on dialysing a rosin oil-varnish 
through semipermeable septa, the rosin diffuses out but, after some time it 
separates out of the dialysate. Britton (loc. cit.), however, explains it as 
due to an allotropic transformation of rosin but this can also be explained in 
the light of our present observations. The solvated resin molecules which 
first diffuse out into the oil, slowly loose their adsorbed poiar groups as 
the equilibrium is certainly disturbed in the new less polar environment 
and thus the resin gets finally precipitated. 

The dissolution of shellac in acetone is thus a process in which water, 
though unsuspected, plays a very important réle and is in fact essential 
to its solubility. Hence in such cases what we are dealing with is not a 
two-component system of the solvent and the solute alone but a three-compo- 
nent one, including the traces of water whose réle cannot be exaggerated. 
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Mutual solubittiy relationship among shellac, acetone and wate), 


A three-component figure represented on an equilateral triangle hes 
therefore been presented to give a complete picture of the mutual solubility 
relations, determined for a dry sample of dewaxed lemon shellac at a 
temperature of 27° (Fig. xz). Compositions corresponding to the blan< 
portion, ‘w’ show complete solubility, whereas deeply shaded po:tiors 
are heterogeneous. Lightly shaded poitions signify the region of gel forme- 
tion. From this it will also be observed that to prepare a solution cf 
20 g. of shellac per r100 g. of acetone at room temperature, ‘ moisture, 
more than 200% of the weight of shellac, is necessary, whereas for a 33°35 
solution, moisture equivalent to only 3% of the weight of shellac is quite 
sufficient—a fact which probably explains the anomalies in (a) and (c). 


ev? 


CONCLUSIONS. 


The results obtained indicate that the wide discrepancies among tke 
solubility values of resins reported by different workers is primarily dre 
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to the effect of the presence of small quantities of unsuspected impurities, 
very often traces of moisture, present in the resin in the solvent or in 
both. -‘The anomalous solubility data obtained by using different quanti- 
ties of the same resin can also have an explanation on this basis. 
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: RON AND MANGANESE REQUIREMENTS OF FHE 
: HUMAN ADULT. 


By K. P. Basu anp M. C. MaraKar. 


The average daily excretion of iron in those cases in which the experimental subject- 
(two adult mien) were nearly in iron equilibrium was 10-2 mg. and 8-6 mg _ respec 
tively. Urinary iron excretions varied between 1-5 and 0-783 mg. per day. : 

Addition of calcium in the form of milk had no effect on iron retentions. ‘Che 
amount of so-called available iron in the food as measured by the dipyridy} methoc 
bore no relation to the amount absorbed. 

Manganese was almost entirely eliminated along with the faeces ‘The average 
requirement for balance was 3-7, 3°8 and 55 ing. respectively in the case of three adul- 


men, 


Experiments on the amount of food-iron necessary for the maintenanc2 

of equilibrium have been very few in number. Sherman (“‘ Chemistry of 
Food and Nutrition,’’ 1937) summarises the data on-iron requirement o€ 
norinal human adults investigated in twenty-one cases and suggests that an 
average intake of about 8 mg. of iron per day is needed for men and 
women. It is necessary to study iron metabolism in more subjects befor2 
definite conclusions can be drawn with regard to iron requirements. Ht 
will also be interesting to investigate if there is a relation between the2 
intake of available iron as measured by the dipyridyl method (Elvehjem et 
al, J. Biol. Chem., 1933, 108, 61) and the amount of iron utilised by human 
beings. : 
Manganese is a normal constituent of practically all tissues and plays 
specific réies in metabolism. Investigations from McCollum’s laboratory 
(Orent and McCollum, J. Biol. Chem., 1931, 92, 651) show that manganese 
is an essential element from the stand-point of nutrition. It has beea 
generally held that the amounts of manganese required per day are so smal 
that an ordinary diet cannot be deficient in this element. It is, howeve-, 
desirable to determine the minimal amount of manganese in the daily diet 
necessary for tbe maintenance of equilibrium in man. No studies m 
manganese requirements of human adults appear to have been undertaken. 


EXPERIMENTAL. 


Experiments on iron metabolism were performed on two healthy 
adults (men) S.N. D. (24 years, weighing 49 kilos) and U. C. S. (30 years, 
weighing 48 kilos). Experiments on manganese requirements we-e 
performed on the same two individuals and also on G. C.N. (19 years, 
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weighing 49 kilos). They lived With and were kept under the strict 
supervision of one of the authors (M.C.M.). They too realised the 
importance of the investigations, co operated whole-heartedly in the 
work, led a strictly disciplined life during the periods of experiment and 
took nothing but the weighed amounts of food déily supplied to them. 
The composition of the diets is indicated later. In each series of experi- 
ments the cereal and pulse were taken from the same stock every day ; 
aliquots of vegetables, fish and milk taken daiiy were pooled for analysis. 
With one particular diet the experimental subjects were daily given carefully 
weighed diets which they cousumed in toto in two poitions. In certain 
experiments only distilled water was used for drinking and cooking 
purposes. In those cases where tap water was empl-yed the irou content 
of the water was taken into consideration. ‘Tap water does not contain 
manganese in appreciable amounts. Each diet was taken for 6 or 9 
days ; the first three days were considered as a preliminary period to avoid 
any effect produced by the previous diet. Urine was collected quantitatively 
for 24 hour periods and the faeces for three days were collected together 
since the daily dry weight of the faeces was found to vary considerably. 
Faeces were marked by carmine. 

After this six or nine day period on a particular diet, the effect of 
supplementing the diet with 275 c.c. of milk daily was observed for 6 days, 
urine being daily collected and analysed, while faeces for three day periods 
were collected together. : 

Since iron metabolism was being studied special precautions were 
taken. A special glass room was constructed in the laboratory where all 
the analyses of iron were performed. All possible sources of contamination 
with iron were avoided. ‘Tripod stands and the wires in the fireclay 
triangles were made of copper. Aluminium utensils were used for cooking 
purposes and excrete were collected in aluminium vessels and dried over 
an aluminium dish in aroom specially made to avoid contamination with 
iron. e 

Total iron was estimated by. the thiocyanate method (Farrar, J. Biol. 
Chem., 1935, 110, 685) and the available iron in foodstuffs by the ao/- 
dipyridyl method of Hill (Proc. Roy. Soc., 1930, B, 107, 207) developed by 
Elvehjem, Hart and Sherman (J. Biol. Chem., 1933, 108, 62). 

Manganese was estimated by the method of Skinner and Peterson 
(J. Biol. Chem., 1930, 88, 347). Only traces of manganese were eliminated 


in urine. : 
All the experimental subjects were in nitrogen balance on the diets 


employed. 
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RESULTS. 


The first experiment was performed on S.N.D. who took polished 
rice (550 g.), lentil (Go g.), vegetables (200 g.), fish (Labeo rohita) (65 g.), 
butter-fat (30 g.) and distilled water ad libitum pér-day. The dict was taken 
for 12 days, 275 c.c. of milk being added during the last 6 days. First three 
days and also the first three days of the milk diet were taken as preliminary 
periods and no collections were made on these days. Jron and manganese 
metabolism on this diet is indicated in Table I. In this and in the following 
tables figures of intake and output represent daily averages. 


Tasle I. 


Experimental subject: S. N. D. 


Iron metabolism. Manganese metabolism. 
Total Available Urinary Faecal Total Balance. Total Faecal Balance. 
Dav of dietary dietary iron. iron. iron dietary Mn. 
expt. iron. iron. output. Mn 
4th ie5 mg. 
5th v6 
6th Vs 


Mean ifomg. 79mg. 15 9-3 mg. 108mg 32mg. 69 mg. 60 mg. oomg. 


(Diet & milk) 


roth 7 
11th Iq 
12th 13 : 
Mean 14°54 79 TS 93 108 3:7 69 5°3 1°6 


The second experiment was also performed on S. N. D. who was daily 
given highly polished rice (550 g.) to diminish the intake of fron, lentil (60 g.). 
vegetables (200 g), fish (Labeo rohita) (50 ¢.), sugar (100 g.), mustard oil 
(30 g.) and distilled water ad libitum. ‘The diet was taken for 12 days, 27© 
c.c. of milk being added during the last 6 days. The first three days were 
taken asa preliminary period. The iron and manganese metabolism on this 
diet is indicated in Table IT. 
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Tazte II.- 
Experimental subject : S. N. D. 
Tron metabolism. - "Manganese metabolism. 
‘8 aw 33 8 @¢ 18 8 2, 3 & 
» g8 Bef £ § Be-3 32 § @ 
A BH <j Pp “ky BH Fa a hy oat 
4th ro mg. - 
5th 16 
6th ro 
Mean g’'omg. 66 mg. 1'2 In7 mg. 12°9 mg, —3 9 mg. 4°2 mg. 3'8 mg. 04 mg. 
+ (Diet & milk} 
ath 08 
8th o"9 7 
oth o'7 
Mean 95 66 * 08 9°6 oq 09 4°2 3°3 o'9 * 
(Diet & milk) . 
toth 08 
mith 08 2 
tath 08 
Mean 5.6. (U6 O'S 8'o 8S +07 4°2 4r o'1 


The third experiment was performed on U. C. S. The composition of the 
diet was as follows :—Rice (coarse) (600 g.), lentil (60 g.), vegetables (200 g.); 
fish (Labeo rahita) (7o g.), mustard oil (30 g.), sugar (50 g.) and tap water. 
‘The diet was taken for 12 days, 275 c.c. of milk being added during the last 
6days. First three days were taken asa preliminary period. Iron and 
manganese metabolism of this diet is indicated in Table III. 
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TasLe II. 


, Experimental subject : U. C.S. 


Iron metabolism. Manganese metabolism. 
. ; Py 
a wh g os a bd : 
: ° 
i Yd iy = 8 2 £ q 
cS Wh & a : ons S 
see 64g | ge ae gy ~~ “ g 
° ab mos a S 7 & 8 34 3 q 
ep $8 so £ g¢ $5 g gF 2 & 
A & < S i & a a & a 
4th r'o4 mg. 
5th 12 : 
6th r°2 


Mean 19°56 mg. 15°36 mg. 1°34 7°77 ing. 89x mg. 10°65 mg. 66mg. 4°9 mg. 7 mg 


(Diet & milk) 
. 7th , 12 

8th 1 28° 

oth 105 

Mean 20°1 15°36 ris 721 $36 ° 11°74 6°6 6°1 o's 


(Diet & milk) 


toth 0°75 
rith 1'02 
sath ro 


84 11°68 6°6 -5'4 12 


Mean 20°r 15°36 0'G2 75 


The fourth experiment was also performed on U.C.S. He was daily 

- given -whole wheat (500 g.), horse gram (70 g.), vegetables (180g.), butter- 

fat(z0 g.), sugar (50 g.) and tap water. The diet was taken for fifteen days 

275 c.c. of milk being given during the last 6 days. First three days were 

taken as a préliminaty period. ‘The iron and manganese metabolism on this 
diet is indicated in Table ‘IV. ‘ 


6 
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Taare IV. 


Experimental subject: U.C.S. 


Tron metabolism Manganese metabolism 
g eo g a 4 
ws qe 82 b, £ £2 ¢ gd 2 2 
¢ gH 32 2g # BE g ge & 
ee 8h BE ES 3 gf 8 87 @ 4 
G Zz b s. & o° & 2 3 a 
ES} 8 a 3 ke 
4th ‘6 mg. 
5th 0°79 
6th og 


Mean 25°03 mg. 1o’o2 mg. 0°78 


7th ¢ 0°85 
8th o0’80 
oth 0°85 
Mean 25°03 10°02 0°83 
(Diet & milk) 

roth ; 0°78 
rzth 0°80 
rath 0°87 
Mean 25°58 10°02 0°82 


Miet & milk) 


13th 0°86 
14th 0°77 
isth . 0°84 
Mean 25°58. 10°02 0°82 


“The. Gfth ‘experiment: 


17'Img. 17°88 mg. 7°15 mg. 22°5mg.12°0 mg. 10°5 ing. 


16°99 17°82 7°21 22°5 139 86 
16°64 19°45 8'12 22°5 136 8'9 
15°09 15°9 96 22°5 ro'a 11'6 


in which only manganese metabolism was 


‘studied. was performed on G.C.N. He was daily given polished | rice (5 50 g. jj 
lentil (60.g.), vegetables, (200 g.), fish (Labeo rohita) (7o g. ), uvustard oil 
(30 g.) and distilled water ad libitum. The diet was taken for 15 days, 275 
c.c. of milk being added during the last 6 days. First three days were 
taken as preliminary period. Manganese metabolism on this diet is indi- 


cated in Table V- 


ace 
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t 
Day of expt. 


4th 
sth 
6th 


Mean 


ath as 
Ath 

oth 
Mean 


(Diet & milk) 


roth 
zith 
zath 
Mean 


(Diet & miJx) 


13th 
14th 
rsth 


Mean 


TaBLe V. 


Expetimental subject : G.C.N. 


Total dietary 
matiganese. 


45mg. 


45 


45 


45 


Urinary 
manganese, 
Trace 
Boa 
23 


» 


3 


Faecal 


manganese. Balance. 
3°7 mg. . o'8 mg. 
3°3 | or 
41 o'4 
42 03 


The sixth experiment on manganese metabolism was also perfor1 ed 
on G.C.N. He was daily given whole wheat (550 g. ), horse gram (7o 2.), 
vegetables (180 g.}, butter-fat (30 g.), sugar (60 g.) and tap water. ‘The dizt 
was taken for 15 days, 275 c.c. of milk being added during the last 6 dezys. 


First three days were taken as a preliminary period. 


on this diet is itidicated in Table VI. 


a 


Manganese metabolisen 
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Tasre VI. 


Experimental subject: G.C.N. 


Day of expt. 


4th 
sth 
6th 
Mean ar'4 


ath 

8th 

oth 

Mean a1'4 
(Diet & milk) 

roth 

rith 

rath 

Mean ar'4 
(Diet & milk) 

13th 

14th 

15th 

Mean 21'4 


Total dietary 
manganese 


mg, 


Urinary 
manganese 


Trace 


0 Ee 
son 
Faecale 
mangan ese. Balance. 
14°9 mg. 6 5 mg. 
169, 4'5 
19°9 1°5 
‘ 
18'0 3°4 


DISCUSSION. 


In the following table the iron outputs in those cages in which balance 
ween was vearly attained have been collected together. : 


Experimental subjects "i 


$.N.D. «49 kilo} 


oa 


UCS. (48 kilo) 


Taste VII. 


Iron outputs near balance. 


Tron output near 


equilibrium. 
' 10°8 mg. 


10°8 


10°4 
88 
89 
84 
84 


Mean iron 


requirement: 


10°2 mg. 


86 


' 


; Reference to data 


0) Table . I 
Leg $48 as 
Hoy ‘% 

” i It 

a ” 

Table ‘IIT 


$3 3 


” a3 


oe a. <5 ; _ 
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The mean iron requirement was thus ro'2 mg. in one case and 8'6 mg. 
in the other case. The mean of these two results is 9°4 mg., a value which 
is nearer to the previously recommended value of 10 mg. of Sherman 
(loc.cit.) It would also appear from the data on iron metabolism that 
the so-called available iron as measured by the oa/-dipyridyl method has 
very little effect on iron retentions. A reference to the metabolism 
studies would also show that supplementation with milk and hence with 
calcium has. got little favourable effect on the retention of iron as was 
observed by Sherman (loc. cit.) and by Orlin, Smith and Mendel (J. 
Nutrition., 1935, 12, 373). 

On wheat diets the manganese intakes were far in excess of requirement 
while the experimental subjects were nearly in manganese equilibrium on 
rice diets. It is interesting to note that the whole of the manganese was 
excreted along with the faeces and only traces could be detected in the 
urine. ‘The outputs near balance points are indicated below. 


Tasye VIII. . 
Manganese outputs near balance. 


Manganese output Mean manganese 


Experimental subjects. Reference to data 


near equilibrium. requirement. 

S.N.D. (49 kilo) 38 mg. Table IL 
33 " 3°7 mg. y 

41 . ” 

G.CN. {9 kilo) 37 ‘able V 
33 3 

38 

4t ” 

4°2 s 

_ U.CS. (48 kilo) 4'°9 Table IIL 
61 55 “ 

54 eB) 


The .mean manganese requirement for balance is thus 3°7 mg. per 
day in one case and 38mg. and 5°5 mg. in two other ‘cases. The mean 
of these values is 4°6 mg. per day. In none of the twenty metabolism 
experiments recorded in this paper was a negative manganese balance 
obtained. Milk contains only traces of manganese and its addition to diets 
does not affect manganese metabolism. 


BrocHEMICAL LABORATORY, 
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AN INVESTIGATION ON SOIL AND PEAT HUMIC ACIDS. 
PART I. ISOLATION AND PURIFICATION 
OF THE ACIDS. i 


By G. C. Esu anp S. S. Gua-Srrcar. 


” "wo humic acids isolated from two Assam tea soils have been compared With two 
eommercial humic acids isolated from peat in regard to the content of C, H, N, OMe, 
* acetyl and furfural and formaldehyde-yielding groups. 


The organic matter of soils and of peat has engaged the attention of 
__ the scientific investigators ever since the latter part of the 18th century. 
Although various theories have been proposed, the origin and the constitu- 
tion of humic acid are still incompletely understood. 

Achard (Crell’s Chem. Ann., 1786, 2, 391) first used the alkali extraction 
method for isclation of humic acid from peat. Sprengel {Kastner’s A. Ges. 
Naturalchie, 1826, 8, 145) described the preparation and properties of humic 
acid and its selts for the first time. 

Seyler (Z. physiol. Chem., 1889, 18, 647) studied both artificial 
and natural humic acids. He distinguished these groups of humus subs- 
tances on the basis of their solubilities in alkali and alcohol, and concluded 
that in the natural decomposition of plant residues, lignin complexes ‘take 
active part in the production of humic acid. 

By applying modern physicochemical methods of investigations, Odén 
(Koll-Chem. Beihefte, 1919, 14, 75) tried to give an idea about the origin 
and chemistry of various humic acids. He isolated humic acid from peat and 
soil by treating these first with an acid, washing with water and extracting 
‘overnight with 4N-ammoniacal or sodium hydroxide solution. Sufficient 
sodium chloride was then added to the alkali solution to make it 2N. The 
dark coloured filtrate, obtained after centrifuging, was concentrated, acidified 
with hydrochloric acid in presence of sodium chloride, centrifuged and 
washed. ‘This precipitate was treated with alcohol. ‘I‘he aicohol-insoluble 
portion was called humic acid and the alcohol-soluble portion hymato- 
malanic acid. He concluded that humus acid and hymatomalanic acid 
were definite chemical entities. Page (Agric Sci., 1930, 20, 455) suggested 
the term humic matter to describe the dark colured high molecular 
colloidal organic bodies found in soils and composts. He referred to that 
part of the humic matter, which is soluble in cold weak alkali and is 
precipitated by acids, as ‘humic’ acid and the part, insoluble in cold alkali 
but soluble in hot alkali solution, as ‘humin’. Later on Springer, Karrer, 
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Maliktin and others reported that acetyl bromide is the reagent which caa 
separate lignin and other plant constituents from humic acids. This 
Rarrer (Helv. Chim. Acta, 1921, 4%, 700) and Groszkopf (Brennstoff. Chem., 
1929, 10, 116, 213) showed that the undecomposed plant constituents whica 
are mixed with humus are easily dissolved by acetyl bromide, while the 
dark coloured, modified and synthesised complexes remain insoluble. Lignia 
has also been found to be soluble in this reagent. Springer (Pflanz, Dung. 
Bod., 1931, A22, 135) has demonstrated that the humic acid isolated from 
soil by means of acetyl bromide contained comparatively large proportion 
of nitrogen and hence concluded that the soil humus contains both nitroger - 
containing and nitrogen-free humic acids. It has been found in this labare- 
tory that the so-called hymatomelanic acid (alcohol-soluble portion cf 
the crude humic acids) both from soil and peat is completely soluble in het 
acetyl bromide. All the crude (untreated with alcohol) humic acids, when 
treated with acetyl bromide in a soxhlet, goes into solution to the extent 
of 30-35%, while the alcohol-insoluble humic acid is but slightly soluble m 
the reagent even when treated fora week. Jute lignin, previously isolated 
in this laboratory, has been subjected to this reagent side by side. Almost 
the whole of it goes into solution but with much difficulty and in a conside:- 
able period of time. Purification of humic acid by this reagent is a very 
tedious task. However, in view of the fact that ali the undecomposed 
portions of humus are removed by this reagent and that a purer staff is 
obtained, alcohol-extraction is followed by acetyl bromide extraction in tle 
present investigation. . 

Up to the end of the roth century, the origin of the natural hnmic acids 
was looked for in the carbohydrate part of the decaying plant materials ard 
wood cellulose was regarded as the precursor of natural humic acid. Fisch2r 
and Scharder (Biennstoff. Chem., 1921, 2, 37 3 1922, 8, 65, 34x) put forwazd 
their lignin theory of the origin of humic acid and of coal, according <o 
which the cellulose is largely destroyed by bacterial decomposition, the 
lignin fraction being more resistant, remains intact, but during humificaticn 
it is modified and also possibly polymerised to form humic acid. Accordirg 
to Waksman (Soil Sci., 1932, 34, 43 ; 1933, 36, 57) humus formation js 
largely due to the activities of the micro-organisms which decompose the 
natural plant and animal residues, like cellulose, hemi-cellulose, pectin etc., 
but leave the more resistant lignin behind, combined during this decomposi- 
tion with microbial protein, producing a modified ‘lignin-proteii com- 
plex ” which forms the nucleus of the humic acids. 


The object of the present investigation is to compare the physical 
and chemical properties of humic acids obtained from various sources wich 
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a view to finding out whether they are closely related or otherwise and 
whether they contain any common molecular framework. For this purpose 
a comparative study of the nature and relative number of the active groups 
(hydroxy] and carboxyl), and the products of oxidation etc. is necessary. 


HExPEHRIMENTAL, 


Isolation of Humic Acid from Soil. 

Like Odén, Page, Waksman and other earlier investigators and following 
specially the method of Waksman and Stevens (Soil Sci., 1939, 80, 97) the 
soil was first extracted in a Soxhlet apparatus with a mixture of alcohol and 
benzene (x: 1) to free it from fats, waxes and resinous matters. After 
evaporating off the adhering alcohol-benzene, the soil was then treated with 
‘2% hydrochloric acid at 100° for 13 hours in order to liberate humic matter 
combined with calcium, aluminium, iron and other metallic oxides and 
also to hydrolyse the decomposable carbohydrate (hemicelluloses etc) and 
the process was repeated thrice when it was supposed to be complete. The 
soi! was then treated with sufficient water at 100° to free it from acid and 
to remove all the water-soluble products. In order to extract humic matter 
the soil was then treated with 4% potassium hydroxide solution in the cold 
and the mixture was kept stirred in a closed vessel for 8-10 hours. The use 
of ammonia was apparently not advisable for the extraction in view of the 
investigations of Fuchs and Leopold who showed that ammonia is very 
strongly adsorbed by humic acid and possibly may also introduce amide 
groups into the humic acid molecule. The cold alkali extraction was 
repeated thrice and the clear dark coloured humate solutions were combined, 
diluted, filtered and the filtrate acidified with dilute hydrochloric acid. The 
precipitated humic acid was allowed to settle. The clear supernatant liquid 
was decanted off and the precipitate was shaken up again with fresh water and 
the process of washing by decantation was continued for 7-8 times within 6-7 
days. At the end of this period the acid had a tendency to remain suspended 
or to pass into a collcidal solution. The acid was then separated by centri- 
fuging. The isotated humic acid was again dissolved in 4% potassium hy- 
droxide solution and precipitated by dilute hydrochloric acid and the washing 
and centrifuging repeated. The acid was then dried at 80°. The diy acid 
was next treated with hot alcohol under reflux to separate the alcohoi-soluble 
portion (hymatomelanic acid). ‘The alcohol-insoluble portion was filtered off 
and dried at 80°. ‘This alcohol-insoluble huniic acid was then treated with 
sufficient amount of acetyl bromide in a specially made ali-glass extiacticn 
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apparatus at 80-90° for 7-10 days with- frequent shaking. The filterec 
residue was dried at 80° for some time, then washed with ether until free 
from acety! bromide and then again dried at 80-85° to a constant weight. 
A scheme of the different ways of fractionating the soil organic matter 
is given below. 
oo 


Extracfed with hot alcohol-benzene mixture (x: 1) 


| . 


Soluble portion (fats, waxes etc), Insoluble portion treated sh 
yield 3°7% with 2% ie (hot) 
| 
Soluble portion (carbohydrates, Insoluble portion treated ; 
mineral salts etc.), yield with water at “OR 
10°62%. 100°. 


fee 


Insoluble portion treated - Filtrate contains fu-- 


with cold alkali _fural, pentosan etc. 
(4%) 
| 
{ < 
Soluble portion acidified Insoluble portion 

with ane Hcl (humin) 

| 
Soluble portion (fulvic Insoluble portion (yield 25%) © «eee 
acid) treated with hot 
alcohol. 


| 


Insoluble portion (humtic acid) Soluble portion (hyma. 
treated with ae bromide. . tomelanic acid.) 


| 
Insoluble portion (humic acid) 


The commercial humic acids obtained from Messrs Merck and Schucharit 
were first dissolved in 4% alkali and then precipitated by dilute hydrochloric 
acid. Alcohol and acetyl bromide extractions were also done in these.cases. 


The humic acids thus obtained from four sources, Messrs. Mercs, 
Schuchardt and from two Assam soils, were analysed for C, H,N, asa, 
methoxyl, acetyl etc. The results of analysis are given in Table I, ‘ 
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Taste I. 
Alcohol-insoluble humic acids. Alcohol-soluble hymatomelanic acids, 
Merck. Schu. Derby Saph. Merck. Schu. Derby 

. soil. soil, soil, 
Ash 3% 886% 52% 72% 168%, 145%  4°5% 
N 16 ra 1°22 36 1°26 0°87 1°05 
OMe 2'II 2°55 399 «s'4 2°31 g't8 46 
Acetyl Ni oN Ni Ni Ni Ni Nil 
Carbon 555 §5'2 5470 §5°12 388 57°8 59°2 
H 52 46 5° 5°63 56 5 4°52 


Furfural-yielding Nil Nil Traces ‘Traces Nil Nil Nil 
complexes. 


HCHO-yielding Nil Nil Traces Traces Nil Nil Nil 
group 

The ash in the different humic acid is not negligible. The ash in the 
peat humic acids (Merck and Schuchardt) was of greyish white colour and 
-was found to contain iron, silica, aluminium, magnesium and _ traces of 
copper. But the ash in the soil hutric acids was of a reddish brown colour 
indicating the presence of a:high percentage of iron. ‘The alcohol-soluble 
portions had iower amount of ash. Methoxyl-content in all the humic 
acids was not very high, while none_ of the humic acids contained acetyl 
groups. Barium salts of all the acids were prepared. Equivalent weights 
were calculated from the percentage of barium. ‘This will be discussed in 
a separate paper. * 


Tasye II. 
Acetyl bromide-insoluble humic acid. 
Merck. Schuchardt. Derby soil. Saphinjuri soil. 

Ash 2°09% 516% 202% 3'5% 
N 1°93 14 2°8 d 3°2 
Cc ; 56° | 56°38 58°3 56°9 
H sr 4°85 52 35 
OMe- . 1°79 2°29 3°26 38 
Acetyl -  -- Nil Nil A Nil Nid : 
HCHO-yielding 2 

groups ” ” ’ ste 
Furfural-yielding i : ‘ 


complexes ay 
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The ash content of all the humic acids has been fairly reduced. Witk 

the exception of one, the nitrogen-content has been increased. ‘he 

methoxyl-contents have been lowered though they are not equal in all cases 

Some of the previous,investigators have found comparatively large amounts 

of methoxyl in some of the humic acids (e.g., soil and peat); this is due 

probably to incomplete purification. Though Fuchs and some other 

investigators have demonstrated the presence of acetyi in soil humic acid. 
the presence of this group is not noticed in the present work. 


With a view to seeing whether the humic acids contain any carbohydrate 
group (which may have survived the treatment with 2% hydrochloric 
acid at 100°) one of the substances was distilled with roo ce. of 12% 
hydrochloric acid, but the distillate gave only a slight yellowish colouration 
with phloroglucinol indicating the absence of any appreciable amount ot 
furfural or furfural-yielding complexes. 


In order to see whether the humic acid has any formaldehyde- 
yielding groups (methylenedioxy-) o's g. of the acid was distilled witk 
100 ¢.c. of 28% sulphuric acid. ro C.c. of the distillate were treated wit 
Schryver’s reagent; but no appreciable red.colour was developed indicating 
that humic acids either from peat or soil do not contain any formaldehyde 
yielding groups. 


CHEMICAL, LABORATORY, Received March 1, 1940. 
Dacca University, Dacca. 


THE EFFECT OF THE INJECTION OF COBRA VENOM .ON 
THE ASCORBIC ACID CONTENT OF DIFFERENT 
TISSUES OF THE GUINEA-PIG’ 


By A. C. Mayumpar. 


Injection of cobra venom into guinea-pigs has been found to cause a depletion 
in the ascorbic acid content of brain, liver, adrenal, kidney and small intestine of 
guinea-pigs. The spleen is unaffected. et 

Jt has been observed that injection of diphtheria toxin causes an 
appreciable decrease in the vitamin C content of the tissueé like adrenal, 
liver and kidney of guinea-pigs (Ghosh, J. Indian Chem. Soc., 1939, 
46, 241; Lyman and King, J. Pharmacol., 1936, 56, 209; Harris, Passmore 
and Pagel, Lancet, 1937, 288, 183). ‘The adininistration of different drugs 
like atophan, quinine, arsenobenzene and poisons like phosphorus (Borselti; 
Bull. Soc. Ital. Biol. Sper., 1938, 18, 248; Wullner, Munch. Med. Woch., 
1938, 185, 1785; Karolyi, Orv. Hetil., 1938, 82, 829; Ryang, Trans. Soc: 
Path: Japan, 1938, 28, 486; Nutritional Abstiacts, 1939, 8, 646) have 
also been found to cause a reduction in tissue ascorbic acid. The present 
work was undertaken to investigate the effect of cobra venom on the 
vitamin C content of the tissues of the guinea-pig. . 


EXPERIMENTAL. 


Male guinea-pigs weighing between 300 and 350 g. were fed ona 
normal diet of germinated gram and green grass ad lib. 

Minimum Lethal Dose —The minimum lethal dose (M.L.D.) for the 
animals was determined by injecting a weighed amount of cobra venom 
dissolved in normal saline, into the calf muscle of the hind leg of the 
_ animal. ‘The doseewhich caused the death of 50% of the animals injected 
weighing between 300 and 350 g. within 24 to 48 hours was taken as 
the M.L.D. 

The animals were killed by blowing air into their heart. As soon as 
the animal was dead tissues like brain, liver, adrenal, kidney, spleen and 
sinall intestine were separated and kept in a cold store (4°). They were 
taken in succession for the estimation of vitamin C. 


The Method of Extraction of Ascorbic Acid from the Tissues. 


Brain.—The whole of the brain tissue was taken in a glass mortar 
and was ground well. ‘The minced tissues (2 g.) were weighed on a watch- 
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glass and were transferred into a’ mortar with a little sea-sand- 
20% ‘Trichloroacetic acid (2 c.c.) was added and the whole material was 
thoroughly ground. ‘This was transferred to a 25 c.c. measuring cylinder 
and the volume was made up to 25 c.c. The solution was left to stanc 
for a few minutes when the suspended particles settled to the bottom. 
The clear liquid at the top was filtered and taken for titration. 

Liver.—The method employed was the same as for brain. The tissue 
(4 g.) was ground with 4c.c. of 20% edtichloroacetic acid and the final 
volume was made up to 50 c.c. and titrated. 

Adrenal.—Both the adrenai glands of the animal were weighed and 
transferred toa mortar with sea-sand. 20% Trichloroacetic acid (1 ¢c) 
was added and the material extracted as before making up the volune 
to 20 c.c. 


Kidney.—The whole kidney (1.5 g.) was taken with 2 c.c. of trichlc- 
roacetic acid. ‘I‘he volume was made up to 20 c.c. 


Spleen.—The whole of the spleen was taken with 1 c.c. of trichloroacet.c 
acid and the volume of the extract was adjusted at 20 c.c. 


Small Intestine—The smatl intestine (4 g.) was taken with 4 c.c. ef 
trichloroacetic acid and treated as before. The final volume was made tp 
to 50 ¢.c. 


Estimation of Vitamin C. 


‘The method of Sen-Gupta and Guha (J. Indian Chem. Soc., 1939, 13, 
547) was employed, : 

The tissue extracts obtained as above were titrated as quickly as 
possible against o-1 c.c. of 2:6-dichlorophenol-indophenol (z c.c. was 
equivalent to o*r0q4 mg. of ascorbic acid). An aliquot part (10 e.c.) of tae 
tissue extract was taken in a flask and the px was adjusted to 5°6 by meaas 
of NaOH. 2 C.c. of an acetate buffer of the same py Were added. Fresh 
cucumber juice was extracted, diluted 3 times and used as the source of 
ascorbic acid oxidase. The diluted juice (2 c.c.) was added and the 
mixture was incubated at 37° for half an hour. The volume was then 
made up to 15 ¢.c. and this was titrated against 2:6-dichlorophenol-indo- 
phenol. In control experiments the same sample of cucumber juice Las 
been found to be entirely devoid of vitamin C before and after incubathn 
and to be particularly rich in the oxidase. The difference between the 
initial titration value and the titration value obtained after oxidase treatment 
was taken as the measure of vitamin C. 
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ape : : Effect of Cobra Toxin. 


ena 


.. In-order to investigate the vitamin C content of the different tissues 
of guinea-pigs during cobra venom poisoning, ? M.L.D. of cobra venom was 
injected and the animal was killed 48 hours alter tle infection. The values 
for the ascorbic acid contents of different tissues are recorded in Table LI. 
Similar estimation of vitamin C in different tissues was carried out with 

> control animals which did not receive any cobra venoin injection (Tabie I). 
Some animals received 1/10 M:L:D. of cobra venom and were killed and 
the vitamin C content of the tissues was estimated (‘Table III). 


\ 


‘ , Tasie I. 


Ascorbic acid figuies of normal control animals. 


Ascorbic acid in mg. per g. of 
Serial Body 








No. wt. Brain. Liver. Adrenal, Kidney Spleen. see é. 
“1 333° 0°074 0059 0'450 o'069 
2 318 0'076 0°050 0°440 0066 0 095 0'074 
3. 3x5 0074 0'053 0°430 0°06 "150 0'076 
4 31 0'072 0'054 0 460 o°059 0°147 0°072 
5 324 0°079 0°05! 0°426 0'057 0°153 0'074 
6 324 0'076 o'050 0586 O"O5r 0146 0°079 
Mean 0'076 o°053 i 0°465 o'o60 ors6 ours. 
wr Tape IL, 


Effect of single injection of 3 M.L.D. of cobra venom at a time. 


Animals were killed 48 hours after injection. 


Ascorbic acid in mg. per g. of 


Serial Body _ oe . : Sinall 
No. wt. Brain. Liver. Adrenal. Kidney. Spleen. ; abestite. 
-1 3252.  0°064 0'043 0°240 0045 

2 325 ' o"04a 0°044 0280 0°044 o'118 0°044 
. 3, 327 0065 0046 0'413 0°051 0°120 0°055 
4 335 0°063 0°045 0°386 . 0'045 0'082 0050 
5. 345 - 07063 0'036 o'260 | 0052 0°120 0062 
6 °345 0°059 0°036 0260 0°05 0118 o'o60 














Mean o'o6rx O04 0°306 0"049 “o'x16 0°054 
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Tasre III. 
Effect of 1[f0 M.L.D. of cobra venom injected at a time. 


Animals were killed 48 hours after the injection. 


Ascorbic acid in mg. per g. of 
Serial Body 











No, wt. Brain. Liver. Adrenal. Kidney. Spleen, ae 
I 335g. 0'072 0°04r 0°460 0'049 O°I5X 0069 
2 329 0°067 0°052 0°520 0'054 0183 0'063 
3 322 0°070 0°055 0°458 0°048 0°126 0'0§5 
4 330 0"070 0°043 0°447 0'048 0’090 0'065 
Mean o'070 0048 | 0°473 on O50 0°137 0066 


‘Tables I, IT and III show that 48 hours after the injection of $ M.I,.D 
of venom, there is an appreciable decrease .of vitamin C content of the 
different tissues. But the decrease was not so much when 1/10 M.L,,D 
was injected. Ascorbic acid content of adrenal gland in the latter case 
did not decrease at ail. It is of interest to note that the vitamin C conten: 
of spleen was not diminished either by 2 or 1/10 M.L.D. of cobra venom: 
injection. 


Detailed investigations were then carried out to find the effect of 
fractions of one M.I,.D. of cobra venom injected on successive days on the 
ascorbic acid content of the tissues. Five groups of animals were used. 
‘The animals of one group received 1/3 M.L,.D. of the venom and were killed 
after 24 hours and the vitamin C content of the tissues was estimated. 
The second group received 3/3 M.L.D. on two successive days and was 
killed on the 3rd day. The third group received 1/3 M.L.D. on thre2 
successive days, thus receiving one full M.L.D. in all and was killed om 
the 4th day. The fourth group received one M.L,.D. in one injection and 
was killed the next day. The fifth group acted as controls not receiving 
any venom injection, which gave a normal figure for tissue ascorbic acid. 
The results are given in Tables IV, V, VI, VII and VII. 
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Tasty IV. 


Effect of single Injection of 1/3 M.L.D. of cobra venom. 
Animals were killed 24 hours after injection. 


Ascorbic acid in mg. per g. of 











Serial Body wt. Brain. Liver. Adrenal. Kidney. Small 
No. intestine. 
I 3158. 0058 0°042 0°265 0032 0°053 
2 310 0065 0°052 0-278 0°033 0-053 
3 320 0°065, 0°050 0257 0°036 07062 
4 315 0-070 0053 0258 0°035 ooss 

5 322 0°063 052 0°316 0038 0°057 
Mean 0-064 0*050 0°274 0°034 . 0°057 . 
Tasre V. 


Effect of 1/3 M.L.D. injected on two successive days. 
Animals were killed on the 3rd day. 
Ascorbic acid in mg per g of 


Serial Body wt Brain. Liver. Adrenal. Kidney. Small 


No. intestine. 

I 350g. 0°053 0°042 0°204 0-032 0°052 

2 320 0054 0°044 0196 0031 or052 

3 315 0 063 0'052 0'205 0°036 0-052 

4 312 0067 _ 0047 0*261 0°033 0-053 

5 320 0062 0°047 0°244 0°033 0-050 

6 330 0-059 0046 0210 0°035 0°062 
Mean o'o50 0°047 0°220 0°033 0°053 

Tasie VI. 


Effect of 1/3 M. L. D. injected on three successive days. 
« Animals were killed on the 4th day. 


Ascorbic acid in mg. per g. of 


Serial Body .wt: Brain Liver. Adrenal. Kidney. Small 
No. . intestine 
I _3I0g. 0-065 0°052 0-220 0°036 ' 9-057 

2 315 0063 0-053 0*270 (0034 + 0055 
3 300 o'ob2 O*051 “ o'226 0°037 0052 
4 312 0°057 0-050 0263 6-036 - 0°052 , 
5 - 335 0058 "040 0°71 0034 | 053" 
6 325 o-o62 0°045 0289 0-033 0-052." - 








Mean 061 o°048 0257 0035 0053 
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- Taste ‘VII. - oon 


Effect of single injection of one full M.L.D. 


Animals were killed on the next day when about to die. a 


Ascorbic acid in mg. per g of 











Serial Body wt. - Brain.- Liver. Adrenal. Kydney. Small 
No. : intestine. 
I 350g. 0-062 0°047 ovIg0 ~ 07032” 0059 
2 345 0'056 0-046 0:207 * 0°033_—i«; 0°053 
3° 330 0054 | 0-042 0223 0°031 0052 
4 310 " 0°055 - 0-045 o'165 0°030 0°049 
5 325 0-055 0-044 07229 0032 0052 
: "> Mean - 0057 0-042 - 0206 * ~—0'032 “0'053 
: ‘ Poca 


i _ 
Paes ABER: VEU 5 ee, Se seme: He 
Ascorbic acid figures for normal animals. 


\~ Ascorbic acid in mg. per g. of . 











Serial ~" Body wt Brain. Liver. Adrenal Bidney<! 4 Small 
No. ee Me : - | - Intestine 

I “352g (t 0°076 0°055 0-431 Oro52 0-068 

a _ = B45 —.. 01070 0053 0g 0-048, '  o°0%6 

3 315° or06B_— Sos 0'353 0 040 . at orzo 

4° -310 (—-0-074. 0-053 0°324 : 0-045 = or067, 

5 335 0-071 0°052 0-364 : 07046 or06g 

6° 342- > + "0073 0-054 0-367 ~~ '0°043 - 0°072 

- Mean 0-072 ~ 0-053, o-s70: or0f6 0070 


“ 
tee eee Le 


The mean values of the ascorbic acid recorded in the: above tables 
are shown in relation to the varying doses of cobra , venom injected in 


Fig. 1. 


: ‘3 DISCUSSION. 


Depletion of tissue ascorbic acid in guinea-pigs injected with diphtheria 
toxin has been - investigated” by various workers (loc. cit). The Present 
investigation shows similar depletion of vitamin C content of tissues” like 


brain, liver, adrenal, kidney and small intestine as a result of:fhe injection . 


of the snake venom. The spleen, however, did not show ‘any’ réduction 
in ascorbic acid content. Fig. x (dotted lines) shows that for all the tissues 
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the decrease of ascorbic acid content is maximum when a full M.L.D. is 
injected at one time ; in small intestine this maximum decrease is produced 
even by the injection of 1/3 M.L.D. 





Doses (M.L.D.) 
Fic. 1. 


B=Prain. I=Smallintestine. L=Liver. K=Kidney. A=Adrenal gland. 


The dotted lines indicate the reduction of ascorbic acid value in normal state to 
that obtained after a single injection of one full minimum lethal dose. 


Ascorbic acid in y (microgram) per g. of tissue. Inthe case of adrenal gland the 
value is expressed in mg x 107%. 


It will also be observed (Fig. 1) that.the decrease in ascorbic acid 
values obtained after the injection of 1/3 M.L.D. on two successive days 
_is greater than that obtained after a single injection of 1 /3 M.LD. But 
the values obtained after the injection of 1/3 M.D. on three successive 
days are between the values obtained after a single injection of 1/3 M.JI,.D, 
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aud those obtained after two successive injections. ‘These results wold 
seem to indicate that the tissues try to raily their ascorbic acid content 
during mild intoxication. 

It is of interest, to investigate the fate of ascorbic acld which disappears 
and also the nature of the toxic constituent of the venom, which is respon- 
sible for causing this disappearance. 

With animals receiving the same dose of venom it was observed that 
in these cases where outward symptoms of toxicity were very pronounced 
there was a smaller amount of ascorbic acid in the tissues, there was a‘so 
a considerable’ hypertrophy of the adrenal gland, the gall bladder was full 
of bile, and the small intestine was congested with blood, whereas tiis 
occurred to a lesser extent in animais which showed less pronounced 
symptoms of toxicity. It is possible that in, the former cases the venom 
prevents the flow of bile to a greater extent, which might have detoxicated 
the venom. 


My best thanks are due to Dr. J. C. Ray, Dr. B. C. Guha and Dr. B. N. 
Ghosh for their kind advice. 


INDIAN INSTITUTE FOR MEDICAL RESEARCH, Received March 4, 1940. 
CaLcurta. 


MECHANISM OF THE MICROBIOLOGICAL OXIDATION . 
OF AMMONIA. PART III. - : 


By G. Gopata Rao anp W. V. SunDARA Rao. 


In this paper evidence is preseatedt to show that the organisms of Winogradsky..are 
“mostly responsible for nitrification in the soil It is emphasised here that autotrophic 
rganisins can flourish well in the‘presence of organic materials, if in the same medium 
heterotrophic organisms capable ot \acting on the particular organic substance are also 
present. 


It was Winogradsky who first isolated in pure culture the nitrifying 
organisms, the Nitrosomunas and the Nitrosococcus, autotrophic organisms, 
which can oxidise ammonia to nitrite. ‘Winogradsky (Ann. Inst. Pasteur, 
1890, 4, 213, 215; 1891, 5, 92, 571) showed that soluble organic matter is 
very toxic to the growth and respiration of the bacteria. The bacteria 
are highly specific and act only on ane substrate, namely ammonia, oxidising 
it to nitrite in the presence of atmospheric oxygen and fixing at the same 
‘time carbon dioxide into materials necessary for cell growth. 

Winogradsky and Omeliansky (Centrl. Bakt., 1899, 5, 338, 377, 429) 
further showed that glucose, peptone, asparagine, glycerol and urea are 
toxic to the organism in concentrations of o’2 to 1% in liquid cuitures. 
Since this classical work of Winogradsky, the influence of organic substances 
on nitrifying bacteria has been the subject of investigation by numerous 
workers If organic substances in -low concentrations prove toxic to the 
nitrifying organisms, knowing that soil contains many types of organic 
materials, there arises the important question, how can the nitrification in 
soil be explained? Further we know that nitrification is also very intense 
in sewage filters and the so-called nitre beds. To explain this three possible 
avenues have been explored by previous investigators. 

It is possible that the organisms isolated by Winogradsky are not the 
organisms responsible for bringing about nitrification in the soil There 
may ve other species of nitrifying organisms in the soil which either tolerate 
organic matter, o1 which actually require organic matter for their growth. 
Fremlin (J. Hygiene, 1903, 8, 364; 1930, 29, 236) reported the isolation of 
a nitrite-forming organism which is capable of growing in media containing 
organic compounds. Mishustin (Ber. Bact. Agron. Sta. Moskau, 1926, 24, 
1&9) found two spore-forming bacteria capable of producing nitrites in 
media containing organic nitrogenous compounds but not in inorganic 
media containing ammonium salts. Runov (Cents. Bakt., 1928, 7, 193) 
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reported two species of bacteria, one of them produced nitrites from organic 

nitrogenous compounds and the other from ainmonia in the presence of 
organic substances Neither organism grew on Winogradsky’s medium 
" .and the author concluded that there are many bacteria in nature capable 
of- forming nitrites in media containing various organic substances. Joshi 
(Mem. Dept. Agrl. India, Bact. Series, 1915, No. 3, p. 85) reported a new 
nitrite-forming organism.. Recently Cutler and Mukherjee (Proc. Roy. 
Soc., 1931, B, 108, 384} reported four species of soil micro-organisms differing 
completely from the autotrophic organisms of Winogradsky, not only 
morphologically but also in that they need organic matter. Referring to 
this work Russell (‘‘Soil Conditions and Plant Growth’’,- London, 1932; 
p. 331) states, ““I‘here seems little doubt that these are the organisms 
operative in sewage filters, intensive nitre beds and soils containing much 
organic matter.’’ Cutler and Mukherjee first found these bacteria in the 
affluent from a beet sugar factory but- have since shown that they are 
widely distributed in soil. It must, however, be said that the amount of 
nitrites produced by these organisms are very small, the maximum amount 
of: nitrite nitrogen ever. formed being only 3°2 parts per million. Even 
this tends to disappear in the later stages of the experiment. The 
Winogradsky organisms can produce under favourable conditions, enormous 
quantities of nitrite, as much as 200 mg. per liter in a few- weeks of 
incubation -Regarding the work of Runov and Cutler and Mukherjee, Boltjes 
(Archiv Microbiol., 1935, 6, 79) states, ‘‘It may be said that one cannot be 
absolutely -certain whether the traces of nitrites obtained by them were 
really produced by the oxidation of ammonia and not from the absorption 
of traces of oxides of nitrogen present in the laboratory .atmosphiere, or 
more likely through reduction of uitrates.’’ In any case. the amount of 
nitrites obtained by these workers after several weeks of incubation are 
so little that these bacteria cannot be very important for soil nitrification. 
Nelson (Centrl. Bakt., 1931, II, 88, 280) comes toa similar conclusion. 
Regarding the work of Fremlin, Boltjes states that Frefhlin was very likely 
the victim of an error in technique. 


The other approach to the problem has been made by a school of 
investigators who believe that the organisms of Winogradsky may not be 
so sensitive to organic substances in the soil as they are in liquid cultures. 
Wimmer (Z. Hyg., 1904, 48, 135) made tests with cultures in sand and 
concluded that organic matter is not so toxic as in solution, but was 
nevertheless toxic in great concentration. Bazarewski (Koch’s Jahrb., 
1906, 17, 452) from similar experiments arrived at the conclusion that 1% 
dextrose stimulated nitrification, while larger amounts delayed the process 
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but did not entirely prevent it. Coleman (Centil. Bakt., 1908, ILI, 20, 41) 
,came -to a similar conclusion working with sand and the soil cultures. 
While work with pure cultures may be of great importance when studying 
_the various characteristics of the organisms, it must be conceded that 
results obtained in such studies cannot be applied in toto to the nitrification 
process in the soil. The soil isa very complex system, being the habitat 
“of numerous heterotrophic and autotrophic organisms. The interplay of 
these organisms must be taken into account. Many years ago Omeliansky 
(Centrl. Bakt., 1899, Il, 5, 473) showed that in combination with Bacterium 
ramosus, the nitrite forming organisms can grow and oxidise ammonia 
even in dilute peptone broth (1 in 20); Boltjes (loc. cit.) showed that 
nitrification can proceed in the usual medium containing in addition peptone 
and urea, if the medium is inoculated with Bacterium pseudomonas and 
“urobacillus.’’ Pandalai (Science, 1936, 84, 440) found that glucose did 
not prove harmful and in some cases proved a stimulant to nitrifying 
organisms in the presence of various heterotrophic organisms like Azotobacter, 
Bacterium mycoides, ete. 

Moreover, nobody seems to have worked on the influence of the different 
organic substances that are more likely to be present in normal soils. It 
will be conceded that glucose, peptone, cane sugar, etc., which have been 
investigated, would at no time be present in the soil at such high concentra- 
tions as to prove detrimental to the action of the bacteria that are responsible 
for nitrification. The organic matter of the soil results mostly from plant 
residues, green manure and stable manures. _ The most important substances 
added to the soil may be classified into (x) the starches and sugars, 

* (2) pentosans, pectins and other hemicelluloses, (3) true celluloses, (4) lignins 
aud tannins, (5) fats, waxes and fatty acids, (6) proteins and the degradation 
products of all these substances and lastly (7) the soil humus. A systematic 

_ investigation of the influence of these substances at concentrations that are 
likely to obtain in the soil is necessary. In this paper are reported the 
results of the studyeof the influence of humic acid, cellulose, glucose, cane 
sugar, starch and an amino-acid alanin and the sodium salt of organic acids 
like citric, oxalic and acetic acids. 


EXxPERIMENTAL. 
The method employed is the liquid culture technique described in 
Parts I and Ii of this series. 
Influence of Humic Acid. 
This is the name given to the final degradation product of organic 
materials in the soil, a dark coloued material relatively very stable, soluble 
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in alkalis and precipitated from such sélutions on neutralisation with acid. 
In the following table are reported the results on the influence of humic acid 
isolated from a garden soil. Merck’s humic acid gave similar results. 


. Tare I. 
Mg. of nitrite nitrogen per litre. 
Incubated for Control. 005%. or%. or5%. 1%. 
5 days 2-2 Nil Nil Nil Nil 
15 : 3-0 6x ” a) wo 
27 18°r 38x 71 ”. » 
37 50°7 74°3 35°4 43 54 
50 124°4 154°5 96.6 4t°5 4re 
60 — 1850 I54°5 112-6 98-1 


Duplicates were kept in every case. 


Tase II.. 
Influence of cellulose. 


Pure celluiose obtained from cotton fibre by the usual method was ised: 


3 days a°5 2°3 a3 2°2 
19 4:2 56 8-6 as 
26 20°0 31-1 43°X . 7-7 
34 28-0 45-9 47-7 ; 224 
45 80°o 124°4 1244 81-8 
57 ror’g 1308 133°3 97°4 

Tape I, . 


Influence of starch. 


3 days 2-5 47 4°6 4°0 47 
19 ; 4°2 : Nil 2°r Nil Nil 
26 20°0 13-0 33°9 * “ 
34 28:0 22-4 43°9 ” ” 
45 80-0 7o"o 124°4 8'o 45 


57 Io1"9 1I5"4 134°4 26-7 22-4 


344 


Incubated for 
3 days 


9 
19 
ae 
34 
45 
87 


3 days 


19 
26 
45° 
57 


Incubated for 
o davs 
13 
I, 


28 
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Tasie IV. 


Influence of cane sugar. 


Merck's pure cane sugar was used. 


Control 
2°5 
28 
42 

20°0 
28 
80 


IoI"g 


77 

38 
20°0 
78°3 


1T2-0 


Mg. of nitrite nitrogen per litre 


0°05%- o'r%. 
4-2 4 
Nil Nil 
4:0 e 

65:9 » 
82°6 29 
140°0 29+5 
142°7 56°0 
‘Taste V. 


Influence of glucose. 


1-30 45 
Nil Nil 
16°4 Io 
grr 78°3 
448 104-3 
Taste VI. 


Influence of organic acids 


05%. 


44 
Nil 
+? 


a” 


Merck’s pure dextrose was used. 


Nil 


a 


The sodium salt of the acid was used. 


Conttol 


23 
3:7 
59 


20°7 


(a) Acetate. 


Mg of nitrite nitrogen per litre. 


o'v05 M 
23 
5:6 

56°6 


43-2 


oros MM, 


23 
Nil 


a 


1%. 
8-2 


Nil. 


” 


o2 M, 
a3: 
Nil, 


wee 
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TABLE VII. 
(b) Oxalate. 


Mg. of nitrite nitrogen per litre. 


Incubated for Control. 0005 M. o'o5 M. o’o2 M, 

o days 2°3 3:2 3-4 38 
13 37 20°9 49 4.0 
at 59 3253 3°0 3°7 
28 20°7 63-6 49 47 

TasiEe VIII. 
(c) Citrate. 

° 23 2°3 22 2.3 
13 3:7 Nil Nil Nil 
ar 59 eed oad a 
28 20°7 93 60 ” 


DiscUSSION. 


It will be seen from the foregoing tables that humic acid does no- 
inhibit the action of nitrifying bacteria at concentrations in which it is likely 
to be present in the soil and may even exert a stimulating action on the 
bacteria. So is the case with cellulose; this substance does not inhibit ever 
eta concentration of 1%. With starch up to ox % there is no retardation 
higher concentrations, 0°5 and 1%, however, have a pfonounced inhibitory 
action, Cane sugar up to a concentration of 0o'05% does not retard ané 
may even act as a stimulant; higher concentrations will, however. completely 
stop the growth and respiration of the bacteria ; o'5 and 1% glucose, ever 
at a concentration of 005% markedly inhibits the reaction, which is 
completely brought to a standstill at o5%. -Acetate and oxalate at o-oor 
molar concentration have a beneficial action, while at 0°05 molar concentra- 
tion they retard the reaction. . 

It would thus appear thatinsoluble organic matter like cellulose does 
not retard the reaction. Itis unlikely that the soil contains appreciable 
amounts of soluble organic matter, Moreover, traces of soluble organic 
matter like cane sugar, acetate and oxalates may even act as stimulants 
Humic acid, which is the end-product of the decomposition of differen: 
types of organic compounds in the soil and is relatively stable to further 
decomposition by bacteria and chemical agencies, has a beneficial actior. 
on the nitrifying bacteria in concentration in which it is present in most 
soils. Thus the contention of some workers that soil nitrification cannot be 
due to the autotrophic bacteria isolated by Winogradsky is untenable, 
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Even when the soluble organic matter is present in such high concen- 
trations as to retard the action of the autotrophic bacteria in pure solution 
culture, we have to take into account the presence in the soil of numerous 
species of bacteria capable of decomposing organic matter which by their 
presence create favourable conditions for the action of the autotrophic 
bacteria. For the reason that organic matter is deleterious to the auto- 
trophic nutrifying organisms in pure solution culture, we cannot rush to the 
conclusion that these organisms are of little significance for nitrification in 
the soil; if that be so, we have to assume a soil atmosphere free from oxygen 
for explaining the existence of anaerobic bacteria in the soil; and it can 
never be so. The factis that the aerobic organisms present in the soil 
create conditions favourable for the growth of the anaerobes by an active 
utilisation of the oxygen. Thiscan be imitated artificially in the labora- 
tory; when anaerobes are grown readily under ordinary aerobic conditions 
in the presence of rapidly growing aerobic bacteria like Bacterium subtilis; 
although in the absence of the aerobic organisms, the anaerobes can be 
grown in pure culture only in the absence of oxygen. Another illustration 
of the phenomenon is the growth of the two nitrogen fixing organisms, the 
anaerobic Clostridium pastorianum and the acrobic Azotobacter. The soil 
harbours many types of organisins and in order to understand the complete 
picture of varions soil processes in the soil, a knowiedge of the mutual inter- 
relations of the different organisms is very essential. Some micro-organims 
may produce a change in the reaction of the medium or in the oxygen 
tension, or in the concentration of nutrients or such other factors which may 
be favourable or otherwise for the growth and chemical activity of other 
micro-organisms. We have already referred to the fact that in the presence 
of heterotrophic bacteria like Azoiobacle: and B. mycoides, nitrifying auto- 
trophic bacteria can oxidise ammonia even in the presence of glucose. 

It will, therefore, be unnecessary to assume as has been done by Russell 
(loc. cit.) and others that nitrification in the soil cannot be due to the auto- 
trophic organisms*of Winogradsky but must be due to heterotrophic organ- 
isms which tolerate organic matter. Asa matter of fact the heterotrophic 
‘organisms so far reported to be capable of nitrifying produce only Very 
minute traces of nitrites compared with the very large amounts produced 
by the Winogradsky organisins, -,The authors believe that considerable ad- 
vance in biochemical knowledge can be made by investigations on the 
mutual interrelations of Bacteria. 

CHEmrcaL LABORATORY, ; 


ANDHRA UNIVERSITY, : ; Received February 29, to4o. 
: Watrarr, -- 


THE CYANINE DYES OF THE PYRIDINE SERIES. 
By M. Q. Doyja. - 


p-Dimethylaminobenzaldehyde and p-nitrosodimethylaniline have been condensed 
with the methochloride, methobromide, and methoiodide of 2-methylpyridine, and the 
properties of the products examined including their absorption spectra and fluorescence. 


The cyanine dyes (for a general survey see ‘The Cyanine Dyes’ by 
M. Q. Doja, Chem. Rev., 1932, 14, 273) contain in their molecules the 
characteristic arrangement, one equivalent of an acid 1adicle and two 
nitrogen atoms of basic function joined together by a chain of conjugated 
double bonds. 


Se €_p-cH wl] 
Me’ . Me~N® 


xO 


Ss I) 


In view of the great sensitising power of (I, X=I), synthesised by 
Mills and Pope (J. Chem. Soc., 1922, 124, 946), it was thought of interest 
to investigate the influence of change of anions on the properties of the 
compound, and it was with this object in view that the present work 
was undertaken. 

In the first place, the three halides (chloride, bromide and iodide’ 
were chosen for comparison. The chloride corresponding to (I) has beer 
obtained by the condensation of o-picoline methochloride, prepared by < 
modification of the method of Ramsay (Phil. Mag., 1917, 2, v, 277) with - 
p-dimethylaminobenzaldehyde in presence of piperidine and the corres- 
ponding bromide from e-picoline methobromide. These new dyes resemble 
each other closely and exhibit the general characteristic of cyanine dyes 
In concentrated aqueous solution ali the three substances give rise to orange 
coloured solutions and brownish yellow solutions in dilute condition. The 
reddish tinge of concentrated solutions is most predominaut in the 
chloride and least so in the iodide. They dye cotton an orange colou- 
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with areddish tinge, the variation being the same as in their aqueous solutions. 
On exposure to sunlight, the dyed cloth begins to fade after three days. 
All the three compounds give similar absorption spectra showing a band 
of selective absorption in the blue with a maximum at about A 4800, 


The so-calied p-dimethylaminoanils of heterocyclic ammonium com- 
pounds (Smith, J. Chem. Soc., 1923, 128, 2288; Bloch and Hamer, Phot. J., 
1930, 70, 374) are desensitisers for the photographic plate (Hamer, Phot. J., 
1929, 69, 409) in contrast to the styryl compounds which are sensitisers. 


p-Dimethylaminoanil of 2-methyipyridine methoicdide was first prepared 
by Kaufmann and Valette (Ber., 31912, 45, 1736); the related chloride 
and bromide have now been obtained. ‘They are highly coloured like the 
styryi compounds, and their colour in solution is discharged by mineral 
acids and restored by alkalis. ‘The three compounds have similar absorption 
spectra, showing a band of selective absorption in the green with maxima. 
at about A 5100. 


The fluorescence of ail the six compounds is shown in Table I. 


EXPERIMENTAL. 


Absorption spectra were taken in the visible region only with dilute 
solutions of the compounds in absolute methyl alcohol. , The solutions of 
the styryl compounds: were 2x10~° M and tbose of the anil compounds 
were 1X10" M. 


‘The fluorescene was observed with solutions: of same strength-as em- 
ployed for taking the absorption spectra, with the help of a thousand 
candle power point-o-lite lamp as a light source, a lens and condenser 
and Wallace colour filters Dyeing was performed with tannic acid mor- 
danted cloth. . ‘ 


a-p-Dimethylaminostyrylpyridine Methochloride—A mixture of 
a-methylpyridine methochloride (2-5 g., dry) and p-dimethylaminobenzalde- 
hyde (3g.) in absolute methyl alcohol (45 c.c.) and piperidine (20 drops) 
was boiled for 9 hours on asand-bath. After cooling the dark red- liquid 
was left in a vacuum desiccator for 48 hours. The sticky solid, thus 
obtained, was placed on a porous plate and left in a desiccator for a week. 
On recrystallisation from methyl alcohol it was obtained as deep red 
crystals, m.p. 117°, yield 1-8g. (Found: Cl, 12-6. CysHisN2Cl requires 
Cl, 129 percent). : : 
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Similarly 2-p-Dimethylaminostyrjlpyridine Methobromide was prepared 
from 2-methylpyridine methobromide (2g.) and -dimethylaminobenzal- 
dehyde (2 g.) in absolute methyl] alcohol (40 c.c.) with piperidine (0-4 c.c.) 
by heating for 6 hours. The red liquid was placed in a desiccator for 3 days 
and the separated solids recrystallised from methyl aléohol in vermillion 
red silky needles, m.p. 262°, yield 1-62. (Found: Br, 24-9. C,,HyN.Br 
requires Br, 25-1 per cent). 

p-Dimethylaminoanil of 2-methylpyridine methochloride was prepared 
from 2-methylpyridine methochloride (2-5 g.) aud p-nitrosodimethylaniline 
(2:5 g.) in absolute alcohol (25 c.c.), with piperidine (20 drops) by heating 
for 9 hours. The crystalline precipitate was recrystallised from methy! 
alcohol, giving brownish black lustrous needles, m.p. 235°, yield 0'8 g. 
(Found : Cl, 13-2. CysHygN3Cl requires Cl, 12-y per cent). 

p-Dimethylaminoanil of 2-methylpyridine methobromide was prepared 
from 2-methylpyridine methobromide (19 g.) and p-nitrosodimethylaniline 
(1-5 g.) in alcoholic solution with piperidine by heating for 8hours. The 
soiution was kept in a desiccator and the separated solids recrystallised from 
methyl alcohol in shining blue black needles, m.p. 237°, yield 0-6 g. 
(Found : Br, 25-3- C:sHisNa Br reauires Br, 25-0 per cent). 


My thanks are due to Professor D. K. Bhattacharyya for help in taking 
the absorption spectra and fluorescence 


Scrence COLLEGE, 
Patna. Received February 15, 1940. 


DISTRIBUTION OF TRACE ELEMENTS IN BIOLOGICAL 
: MATERIAL. 


By A. I. Samien Rao. 


In continuation of previous work, representative types of cereals, pulses and leafy 
vegetables have been analysed and the results reported in this paper. Methods devised 
for the spectrographic analysis of mineral substances have been applied for the 
identification and estimation of trace elements. Many interesting results have been 
obtained in this way. It is pointed out that the methods should be specially use‘ul 
to.those interested in problems of animal and human nutrition. 

The wide distribution of elements in minute quantities in biological 
materials has been regarded until iately as accidental. In recent years, a 
number of papers have been published on the presence of trace elements such 
as Mn, Ti, B, Zn in soil and the marked influence they exert on the microbaal 
population and on plant growth. The importance of traces of manganese 
for the plant has been demonstrated by McHargue, McLean, Kelley and 
Gerrestsen (Trans. Third Int. Cong. Soil Sci., 1935, 1, 189). The 
occurrence of molybdenum and vanadium in nature has been well studied 
by Meulen (Rec. trav. chim., 1932, 54, 549), Dingwell (Candian J. Rez., 
1934, 11. 32), Horner (J. Agric. Res., 1934, 48, 981) and others. Hoagland 
(Trans. Int. Cong Soil Sci., 1935, 3 216) found that zinc salts have a 
striking curative effect in diseases of fruit trees, known as ‘‘ mottled leaf ~’. 
Author's own experiments (Proc. Indian Acad. Scr., 1937 6B, gt) have 
shown that soil fertility is in a measure due to the predominating ae 
tion of manganese and zinc. 

Hart and co-workers have shown (J. Biol. Chem., 1928, 77, 797) the im- 
portance of copper as a supplement to iron for haemogiobin regeneration in 
the rat. Manganese was found by Wilgaus, Norris and Heuser (J. Nutrition, 
1937, 14, 155) and Caskey and others (ibid., 1939; 17, 407) to be markedly 
effective in preventing the incidence of “perosis’”’ in chicks. The réle 
of zinc in the nutrition of rats and pre-school age children has been 
investigated by Stirn and others (J. Biol., Chem., 1935, 109, 347) and 
‘Scouler (J. Nutrition, 1939, 17, 103). The deleterious effects of molybdentan 
on milking casttle has been pointed out by Lewis and co-workers (Natuse, 
1938, 144, 553). 

Very little work has been done in India on the réle of these micno- 
constituents in animal and human nutrition and no attempts have be2n 
made to estimate quantitatively the amounts of such elements'as Mn, Zn, 
Mo in some of the widely consumed Indian foodstuffs. The only references 
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in the literature in this direction are those of Boyd and Dey (Indian J. 
Med. Res., 1933, 24, 109), Rudra (J. Indian Chem. Soc., 1939, 16, 132) and 
Newcomb and Sankaran (Indian J. Med. Res., 1929, 16, 788) regarding 
the quantitative estimation of manganese. Before any work could be 
undertaken on the nutritive value of a particular foodstuff, complete data 
regarding the distribution of major and the minor constituents of the 
foods will be invaluable. 

For the detection and estimation of the minor constituents micro- 
chemical methods have been and are being widely used. The superiority 
of spectographic methods has been previously pointed out by the author 
(loc. cit.). ~ 

In continuation of the previous work (Science @ Culture, 1938, 4, 362) 
further representative types of cereals, pulses and leafy vegetables have 
been analysed and the results are reported in this paper. 


EXPERIMENTAL, 


, In preparing the samples for analysis they were carefully washed 
with distilled water, spread out in thin layers and left until the water 
had evaporated. They were then cut into small pieces, dried to a constant 
weight at 100°, ground ina giass mortar and bottied. The samples were 
ignited over a Bunsen flame in a platinum crucible at a temperature less than 
450°. ‘This method of ashing gave entirely satisfactory results and the 
use of a muffle seemed quite unnecessary Provided that the flame is not 
allowed to play directly on the specimen, there is no reason to suppose the 

es ossibility of contamination with the material of the burner. 

For photographing the spectra, a Hilger medium quartz spectrograph 
_was used. » The plates used for the ultraviolet and near uitraviolet were 
“Imperial Special Rapid,’ while for the visible region ‘Eastman Panchro- 
matic’ plates, which have a considerable and fairly uniform sensitivity from 
6,700 to 4,0004 werg used. 

The arc spectra of the elements contained in the above specimens 
were excited using silver and graphile electrodes. Owing to the low 
temperature of the silver arc some elements like Mn, Ni, Co, and B might 
escape detection. Further it was felt that for other elements good corro- 
boration could be obtained by comparing results in both types of arc. The 
electrodes were supplied by Adam Hilger and reported to be H. S. brand 
purity and accompanied. by full chemical and spectroscopic reports on 

their composition. ‘The electrodes were -prepared so that the positive rod 
contained a cavity 2 mm. wide and 4 mm. deep into which weighed amounts 
‘of the. sample were introduced. The negative was sharpened to a fine 
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point. This pointed electrode aided in centering and confining the acc, 
thereby reducing its tendency to wander The variation of the arc current 
was never more than +0’05 ampere 

The essential feature of the method used in the course of this werk 
for the determination of the concentration is a comparison of the line 
intensities. Spectrograms wete obtained from prepared samples made 1p 
in concentrations from 1x part in r00 down to the limit of sensitivity. 
The particular line chosen for the determination of the element was 
microphotographed in all the spectra and a curve was constructed showing 
the relation between the percentage of the element and the intensity pzo- 
duced on the photographic plate. From the known intensity of the lme 
in the test spectrum, the percentage composition of the element could be 
determined by interpolation from the cuive. 

While this paper contents itself with a qualitative identification of the 
major elements, a quantitative estimation is done for Mun, Zn, and Mo. 
For the detection and estimation of Zn, the line 2138.64, the most sen- 
sitive of zinc lines was used, while for Mo the three lines 3798, 3864, aad 
3903 & which form the “raies ultimes’’ were used. For Mn, the trip et 
4034:45, 4033-07, 4030-76 A was adopted. 

Four different samples of each were analysed and the average results of 
estimations are given in Table I. Typical spectrograms are shown in 
Plates I and II. 


TABLE T. 
English Bot. Mois- Ash. Mn Zn Mo Remarks. 
name name. ture. expressed per kg. of dry 
materials, _ 
Rice Oryza sativa = 12*4% 19% 126 mg 2-0 nig o'r to 
(polished) o-72mg There was a wde 
variation from sem- 
Wheat Triticum 12:8 Ir30 0 36"4 20-4 ple to sample, so 
(whole vulgare only the limits 
grain) are given and it can 
° be said that cereals 
Bengal Circer artett. = g§:8 3°03 28-6 19°4 20 vary within thase 
gram = 1m limits as rega-ds 
their Mo content 
Black Phaseolus 10-9 3°70 24-0 26's 45 
gram  mungo 
Peas Pisum sati- 78°6 410 &r 4o°2 9-4 


(green) = yunt 
Amaranth Adtarnathus 86-1 23°1 60°2 268 <x 
(tender)  gangeticis 
Spinach Spinacea 9253 2393 8203 62°3 
Parchance present 
only in very 
minute traces 


oleracea 


Cabbage Brassica ole- 92-4 II2 1g 23°5 
racea capitata 


10 
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Di-scussIoOoNn. 


From the spectrograms reproduced the variation in the concentration 
_of the different elements is, very striking. There is a continuous increase 
in the proportion of sodium and alkaline earth metal$ and iron as we go 
from cereals to pulses and leafy vegetabes. 

The leafy vegetables are generally rich in iron though spinach contains 
comparatively less of this element. It is seen from the results that wheat 
is comparatively rich in manganese than rice and it is interesting to draw 
attention to the work of McCarrison (Indian J. Med. Res., 1927, 1%, 641) 
on the effect of Mn in foodstuffs and its bearing on the growth of animals 
We have an analogy of the favourable effects of manganese on plant 
growth and the results reported here also support the observations of 
McCarrison, and suggest that it plays a definite réle,in human nutrition as 
well. Molybdenum is found in fairly large amounts:in-all pulses, peds and, 

lack gram .containing the largest amounts. Next in order are the, cereals, 
and the leafy vegetubles contain the least amounts of Mo which is present 
only in very minute traces. Nickel is present in. small but detectable 
quantities. The evidence for Co.and vanadium is not definite. The 
Observations of Boyd and De (Indian J. Med. Res., 1933, 20, 789) 
regarding the presence of vanadium in rice and wheat could not be 
verified. The cereals are relatively rich in Rb and Sr. ‘The most remark- 
able feature is the extraordinarily high magnesium eonterit of spinach. 


It would: seem from the resuits that the so called trace elements are 
really present in appreciable amounts and would possibly play a definite- 
mi specific réle in animal and human nutrition. The assessment of the 
nutritive value of a particular foodstuff would be incomplete without a 
proper understanding of the exact réle of these minor constituents. : 
’ : Explanation of Plates. a 

The spectogranfs reproduced here are enlargements of certain regions. 
of the spectra of representative specimens of cereals, pulses and leafy 
vegetables with the blank spectra of electrodes. 

Plate I: Fig. 1. shows the Sr line 4608 intensified in head, 

In each of the other figures, (a) is the spectrum of the blank electrodes , 
b, c, d are the spectra of.rice, black. gram and spinach regpecuyenys 3; eis 
the spectrum of Ag are comparison. 

Plate 1, Figure 4 show8 compatison standards for estimating zinc. 


Anpara UNIVERSITY, Bes ' Received April 1, rogo. 
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ISOLATION OF ANTI-ANAEMIC FACTOR PRESENT 
. IN RAW LIVER. 


By S. lk. Mirra. 


‘That raw liver contains a principle potent against pernicious anaeiria 
had been recognised long ago. That this principle is esseritially orguric 
in nature, is rendered very probable by the work of Dakin, Karrer aad 
others (J. Biol. Chem., 1928, TT, 325; 1930, 88, 428; 1935, 109, 43; 
1928, 77, 331; 1931, 92, 117; Am. J. Physiol.,8 1929, 90, 3:€ ; 
Helv. Chim. Acta, 1938, 21, 314; 1937, 20, 622.) The problem o2f 
isolation of the active principle was taken up in 1936 in the Biochemical 
Laboratory of the King’s College, London, and has been continued in tie 
University College of Science, Calcutta. It has now been possible to 
isolate a purely organic substance which has been proved by clinical tests, 
to possess powerful reticulocytic activity. It is free from all traces >of 
metals and has beeu proved to be not an amino-acid. It does not give 
“Pauly reaction ’’, nor does it respond to the ‘‘ Ninhydrin test.’’ It 1s 
not a polypeptide. The substance contains sulphur and nitrogen ard 
forms a picrate, m.p. 235°. (C, 38°34 ; H, 2°89; N, 19°38 per cent). 

The material wasfurther fractionated by liberating it from the picrate at 
different pH values in the acid range. The compound isolated at pr 0'5 is 
highly active and forms a picrate in yellow cubes, m.p. 245°. (Found: 
N, 20'7 per cent). ad 

The depicrated material is a colourless body, precipitable by phospho- 
tungstic acid and gives pyriole reaction. By clinical test it has been foamd 
to be potent against anaemia either when injected or administered oraiby. 
A detailed account of the results will be soon published. 

Sulphur forms a part of the constitution of the.active material since 
it gives a crystalline compound with mercuric chloride. . 

My thanks are due to the University of Calcutta for granting me 
facilities for carrying on the investigation, to the Standard Pharmaceurical 
Works, Ltd., for defraying a part of the expenses and to Dr. S. N. Sarkar 
of Calcutta Medical School for kindly testing the products clinically. 

Kinc’s Con.ecr, LONDON AND 


University CoLLicr or ScrENcE, Received May 14, 1949. 
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A NOTE ON THE LECITHIN CONTENT OF THE BLOOD 
OF INDIAN WOMEN IN NORMAL CONDITION AND IN 
PREGNANCY. 


By Hemenpra Nata CHATTERJEE AND SuRATH MoHAN GHOSE. 


The lecithin content of the whole blood has been ‘determined by the 
method of Whitehorn (J. Biol. Chem., 1924, 62, 133). The blood was 
examined in 25 normal non-pregnant women and 25 women in the different 
terms ‘of pregnancy from fifth month upto nearly the term. The 
figures in the following table show that there is a distinct rise in the figures 
for lecithin during pregnancy. 


Normal pregnancy. Normal females. 
Case No. Amount in mg. per Case No. Amount iu mg per 
100 c.c» of blood. : 100 c.c. of bloo 
1 133 I 9°5 
2 12-5 2 95 
3 13+3 3 OI 
4 wel 4 I0'O 
5 IO-S 5 68 (Lowest) 
6 II-1 6 74 
Z 12°5 29 87 
_8 IL-I 8 10:0 
9 12-5 9 87 . 
10 12:5 10 1r-r (Highest). 
Ir 16-6 II I'l 
12. 13°3 12 iI-d 
13 1 13 O5 
ees IL-2 14 8-7 
15 13°3 15 9°5 
- 16 14:2 16 9°5 
Wy I§ 17: 9°5 
18 16°2 . 18 10° 
19 17-0 (Highest) - 19 8-3 
200 13°3 20 IDL 
az TI5 ar 9:0 
22 e «ras 22 05 
23 10°5 23 10'0 
24 ws 10°0 (Lowest) 2 gl 
25 10°3 25 70 
- Average . 12-54 Average 9°34 
Standard deviation +1-87 Standard deviation 42-34 


The blood was drawn between 10 and 12 a.m. and on empty stomach. 


Our thanks are due to Prof. C. C. Basu for his help and advice. 


-. DEPARTMENT OF PaTHOLOGY, 


CarnncHarr, Mrpicar CoLLEcE, Received March 18, 1940. 
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A NOTE ON SOME OF THE ELECTROLYTES OF THE 
SERUM IN NORMAL INDIANS 


By HemenpRA NatH CHATTERJEE AND S. SEN. 


The following electrolytes have been estimated, viz., sodium, potassium, 
magnesium and calcium in the blood serum of apparently normal Indians. 

The subjects used for observation were adults, of ages varying from 
14 to45 and belonging to both the sexes. The blood was taken on empty 
stomack between 11-30 a.m. to 12-30 p.1n. from the median cubital veir. 
It will be observed that the figures for calcium are slightly lower and 
that for magnesium somewhat higher than the figures given by Peters and 
Van Slyke (‘Quantitative Clinical Chemistry,’’ 1932, p. 753) and also by 
Cameron (‘‘ Text Book of Biochemistry ’’, 1933). No appreciable variations 
were observed due to the difference of sex. 

Table I showes the concentrations of sodium, potassium, magnesium 
and calcium in mg. per roo c.c. of blood serum. 


TABLE I. 
Total No. of cases. 
30 15 30 30 
Male ar 6 23 20 
Female 9 9 7 aa 
Sodium. Potassium. § Magnesium. Calcium. 

Highest 378°0 26°0 4°5 12°6 
Lowest 2890 15°0 2°3 74 
Average 325°0 20°4 3°38 95 
Mean deviation +280 +3°5 +0°7 +16 
Average figure 

of Hald, Peters 

and van Slyke 

(Ig cases). 308°0 18°3 2°0 10°0 
Average of Came- 

ron per 100 g. 

of plasma. 150-250 16-22 2°3 10-11 
Average figures Rourke (14 cases) Kramer and Tis- Kramer and Tisdall 

obtained by 339 mg. per  dall (10 cases) 9°2~—10°3 ; Mukher- 

other workers. 100 C.c, serum. 196 mg. per jee (1g cases) ¢’6 


Ioo ¢.c. serum. per 100 c.c.jserum. 
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The respective methods that have been used by us are given below: 

For sodium we have adopted the-method of Dorothy Rourke (J. Biol. 
Chem., 1928, 78, 337); for potassium that of Kramer and Tisdall (J. Biol. 
Chem., to2z, 46, 330); for magnesium that of Haury’s (J. Lab. Clin. 
Med , 1938, 28, 1079) modification of the method of Hirschfelder and Serles 
(J. Biol. Chem., 1934, 104, 635); for calcium that of Kramer and Tisdall 
(J. Biol. Chem., 1923, 41, 75). 

Our best thanks are due to Prof. C. C. Basu for his advice, to Drs. 
S. M. Ghosh ‘and J. K. Sarkar for their assistance. 

a DEPARTMENT OF PATHOLOGY, 
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A RAPID METHOD OF ESTIMATING TUNGSTEN IN 
TUNGSTEN STEELS. 


By Durca PADA CHATTERJEE. 


For the quick estimation of tungsten in tungsten-steels (high speed 
steels or self-hardening steels as they are called) a method has been evolved 
in which tungsten is oxidised to tungstic acid, dissolved in excess of caustic 
alkali, the excess of which is back titrated by a standard acid, glycerol 
and mannitol being used to prevent hydrolysis. 


Steel-borings (2g.) ‘are dissolved in 60 c.c. of concentrated HCI. 
When the solution is almost complete HNO, is added drop by drop for oxi- 
dation and the solution evaporated with occasional addition of drops of nitric 
acid. Yellow precipitate of WO; comes out. ‘The concentrated solution 
is then diluted with 100 c.c. of 10% HCI solution when heavy precipitation 
occurs. This is filtered through paper pulp (Swedish paper pulp being 
preferable), and washed with 1% NaCl solution till free from acid. It is 
then mixed with 50 c.c. of warm water with 40 c.c. of neutral glycerol or 
1.5 g- of mannitol and vigorously shaken. N/10-NaOH solution is 
then added with constant stirring till the yellow precipitate goes into 
solution and the liquid becomes colourless. The excess of NaOH is then 
titrated byN/10-HCl 


This method has been found to be applicable to steels containing as 


much as 4 to 20% of tungsten. ae 


The author’s thanks are due to Mr. C. H. Shvitcliff, the Head of 
the Laboratory for his encouragement and interest. 


ORDNANCE LABORATORY, 
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ADSORPTIVE PROPERTIES OF SYNTHETIC RESINS. 
PART IV. 


e 
‘ 


By S. S. Boarnacar, A. N. Kapur anp M.S. BHATNAGAR. 


The adsorption of homologous series of mono- and dibasic aliphatic acids by 
acid- and alkali- condensed phenolic resins, amino- and protein resins has been studiec. 
The reversal of Traube’s rule in the case of alkali-condensed, amino- and protein 
resins is explained on the basis of orientation of molecules at the resin-solvent surface 
according to the theory put forward by Langmuir and Harkins. The influence of 
various substituents on adsorption has also been studied. The adsorption by ammonia- 
condensed amino- and protein resins increases with the introduction of COOH, OH, 
CN, Cl, Br. The NH and alkyl groups cause a decrease 1n adsorption. 

The results obtained in the case of acid phenolic resins are quite the opposite io 
those in basic resins. This is probably due to the fact that acid resin is less 
polar than water, In non-polar solvents results are in line with those obtained m 
basic resins. 


Bhatnagar, Kapur and Puri (J. Indian Chem. Soc., 1936, 18, 679) 
have shown that the order of adsorption of organic acids in a homologous 
series by acid-condensed phenolic resins follows Traube’s rule. S. Tsuruta 
(J. Soc. Chem. Ind. Japan, 1938, 44, 129B) found that the order of 
the series was reversed when ammonia-condensed resins were used as 
adsorbents. This was also confirmed by observations in this laboratory 
and an explanation was given in a previous paper (J. Indian Chem. Soc., 
1939, 16, 261) on the basis of the pores of the resin. It was shown that 
the adsorption of the acids by amino- or ammonia-condes@tresins 
increased as the ionisation constant increased and the reverse holds good 
for acid-condensed phenolic resin. The present work has been undertaken 
to throw more light on this subject and to give a possible explanaticn 
which may account for ail the facts These reversals are known to occur m 
the case of gold (Heymann and Boye, Kolioid Z., 1932, 59, 153) and silica gel 
(J. Phys. Chem., 1928, 82, 522). Heymann and Boye (loc. cit.) studied the 
adsorption of acetic, propionic, butyric and caproic acids from water, 
CCl, CsH,, alcohol, and acetone by metallic gold and experienced the 
reversal of Traube’srule This was explained by the fact that the high'y 
polar group—-COOH in solution oriented towards polar gold particles ard 
the wuon-polar alkyl part towards the solvent. Since with the 
increase of the hydrocarbon chain the molecule becomes less polar, the 
higher fatty acids are therefore less adsorbed by gold. ‘The adsorption 0f 
yarious aliphatic acids has been studied and attempts have been made io 
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explain the amounts adsorbed on considerations based on polarity of the 
resin, the solvent, and the adsorbate. 


EXPERIMENTAL. 
Preparation of the Resins. 


Amino- and Phenolic Resins —Amino- and phenolic resins were pre- 
pared as described in the previous paper (loc. cii.). 

Projein Resins.—-The powdered soyabean meal was stirred into 
a 10% solution of sodium chloride at 40° and filtered through glass 
wool. The protein was precipitated from the milky suspension by the 
addition of dilute acetic acid. A colourless precipitate was obtained on 
standing. This was filtered, washed with methyl alcohol till free from 
chloride ions, acetic acid and starch. 

ro G. of dried protein thus prepared, were refluxed with 60 c.c. of 
formalin (40% formaldehyde) for 2 to 3 hours. It was then filtered, washed 
with hot water until free from formaldehyde. ‘The resin was dried and 
sieved through roo mesh. 

Adsorption Experiments.—The adsorption experiments were carried 
out in stoppered glass bottles which were thoroughly cleaned, steamed and 
dried. ‘The -powdered resin (x g.) was weighed out in each bottle and 100 
c.c, of the aqueous solutions of the acids wererun in. ‘The bottles were 
vigorously shaken for 5 minutes and set aside for 36 hours to. attain 
equilibrium. ‘The supernatant solution (10 c.c.) was pipetted out and run 
into excess of standard sodium hydroxide solution. The equilibrium 

. centration (Ce in millimoles per litre) was determined by titrating the 
ests soda against standard hydrochloric acid. Blank experi- 
ments were run side by side which gave the original concentration (Cp in 
millimoles per litre). The difference (Co —Cs ) gave the amount adsorbed 


(X, in millimoles per g. of the resin) from x00 c.c. of the aqueous 
solutions. 


Taste I. 


%Sorption of monocarboxylic acids by 1 g. of resin from 
too c.c. of their o’or M aqueous solution. 


Resorcinol-formalin resins. m-Phenylenedia- : 
‘ Race: ACI condensed NH, condensed. ae formalde eae 
” Bormic “ 3°32% 20°04% 33°65% - 332% 
; Acetic - 5°50 13°00 315 r°00 
- Butyric 8°xrr 12°18 - 22°84 0°00 
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Taste II. 


% Sorption of acids by 1 g. of resin from 100 c.c. 
of their solution in benzene. 


Resorcinol-formalin resins, m-Phenylene ‘Protein resins 
diamine- 
Acids formaldehyde 
HCl-condensed. NH3-condensed. resins. 
Formic 33°7% 63°8% 87°4% 30°0% 
Acetic 20°7 40°0 54°6 19'0 
Butyric 180 35°2 48°6 16°0 
TABLE III. 
% Sorption of acids by 1 g. of resin from 100 c.c. 
of their solution in carbon tetrachloride. 

, Formic 52°8% 84°5% 97°7% 42 6% 
Acetic 40°7 65'5 738 30°7 
Butyric 3271 52°08 61°5 26'0 

TABLE IV. 
% Sorption of acids by 1 g. of resin from 100 c.c. 
of their solution in chloroform. 
Formic 13°8% 310% 781% 10 o% 
Acetic 10°7 238 46'2 ; oe 
Butyric 95 “II's 18°4 4°5 
TaBie V < 
% Sorption of acids by 1 g. of resorcinol-formaldehyde resin 
(acid-condensed) from various solvents» 
Dipole moments* 
Solvents. of the acids Water CHCi,. C,H. cc), 
«Dipole moments of the —_>> 185 0°95 o'2 oO 
solvents x 1a 10 
Formic 145% 3°3% 138% 33°0% 52°8% 
Acetic T'04 55 10°7 20°7 40°7 
Butyric 0°93 Sx °5 18'0 32°2 


* The values for dipole moments have been taken from Z. physikal. Chem., 1930, 


B10, 220 


- 
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An examination of Tables I to V shows that 

{t) In aqueous solutions the adsorption of a homologous series of 
fatty acids on acid phenolic resins foilows the normal order. But in basic 
phenolic resins and amino-resins the order is reversed (Table I). 

(2) In non-polar solvents the Traube’s rule is reversed even in the case o 
of acid phenolic resins (Tables II, III and IV). 

(3) .As the dipole moment of the solvent decreases the percentage 
sorption increases, the sorption being maximum in the case of carbon 
tetrachloride which has a zero moment. 

All the above facts can be easily explained on the Langmuir-Harkins 
theory of surface orientation if we assume that the acid phenolic resins are 
less polar than water and the basic phenolic resins and the amino-resins are 
more polar than water. In support of this we have the observation of 
of Megson and Drummond (J. Soc. Chem. Ind., 1930, 49, 251%) who 
found that when phenol and formaidehyde are condensed in presence 


of an acid 2: 4-di-hydroxyphenylmethane CH — =) 
\OH OH 


is formed. While using an alkaline catalyst hydroxybenzol alcohols 


ic OH ) ax formed. Pollak and Riesenfeld (Z. angew. Chem., 
CH,OH 


1930, 48, 1129) have found that by the basic condensation of phenol and 
formaldehyde, the benzol alchohols formed gives low molecular products 
which have a strongly polar character. 

According to Langmuir (J. Amer. Chem. Soc., 1916, 38, 2221) and 
Harkins (ibid., 1917, 89, 354) the surface tension phenomena in general are 
depenaem? upon the orientation and packing of the molecules in surface 
iayers and the forces involved in that action are related to those involved in 
solution and adsorption. 

The presence of one of the strongly polar groups such as -OH, 
-CHO, -COOH, in molecules confers on them the property of solubility 
in a polar solvent” like water. As the length of the hydrocarbon chain 
increases the solubility of the molecule markedly decreases. The diminution 
in solubility is probably not due to any weakening of the force of attraction 
between the water and the polar group. The active groups such -OH, 
-COOH, -Br, -Cl strive to penetrate the surface of water and do so provided 
that the hydrocarbon residue is not too large. If the hydrocarbon chain 
is too long, the attractive force between the polar group and the polar water, 
though still the same as before, is not sufficient to pull the long chain into 
the water. So, the polar group is oriented towards and possibly dissolved 
in the water, whereas the hydrocarbon chain points away and is out of the 
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water surface and so dissolution is prevented. Bartell and Millar (J. Phys. 
Chem., 1924, 28, 992) also came to similar conclusions from their results on 
the adsorption of organic acids on carbon. 

Now in a basic resin-water interface, the resin is more polar then 
water and the fatty acid molecules will orient themselves so that the polar 
-COOH. group is oriented towards the more polar resin surface and the 
non-polar alkyl group is oriented towards water. As we ascend the 
homologous series, though the force between the polar surface and the 
end -COOH group remains constant, the long hydrocarbon chain becomes 
increasingly difficult to pull into the polar surface. The molecule therefcre 
has a tendency to go more into water or at least to assume a tilted position. 
Thus it will take more of the resin surface in the tilted position than if 
it were in the vertical position. Hence lesser number of molecules will >e 
adsorbed with increase in molecular weight. This explains the reversal of 
Traube’s rule in alkali-catalysed resins. Further, as is well known in tue 
case of fatty acids, the molecular association decreases with the increese 
in hydrocarbon chain. So there are greater possibilities for the packing 
effect due to superimposition of the carboxylic groups in the lower fatty 
acids than in their less associating higher homologues because in the latzer 
case the molecules will cover more of the resin surface. Therefore, -we 
should expect a decrease in adsorption with increase in molecular weight as 
has been observed. 

In the case of an acid-catalysed phenolic resin, it being less polar than 
water, the polar -COOH group will tend to orient more towards water. 
In the case of higher homologues, though the force between water and the 
polar -COOH group is constant, it is more difficult to pullthe longer chain 
into water and the balance of distribution of the acid betwee er end 
the resin shifts towards the resin. So we should expect results opposite to 
those obtained in the case of basic resius i.e., the adsorption increases with 
increase of molecular weight. 

This view is further supported by the results tabulated in Table VI. In 
ammmonia-condensed and amino-resins the adsorption of ‘the cis-form is greeter 
than that of the trans-form. 

When both the carboxylic groups are oriented towards the resin surfece, 
the substance should be expected to get adsorbed more than when only one 
is oriented towards it. The adsorption of citraconic acid is greater than 
that of fumaric acid but less than that of maliec acid due to the decrease of 
polarity by the introduction of the positive -CH 3 group. The orde- of 
adsorption is reversed in the case of acid-condensed resin as was ic be 
expected. 


x ‘ 
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Tasre VI. 


% Sorption of the acids by 1 g. of the resin from 100 c.c. of o’orM-soln. 


: Protein for- m-Phenyl- Resorcinol-formaldehvde 
Acids. Constitution. |§maldehyde enediamine- 7 resin. - 
resin. formalin 
resin. NH,-cata HCl-cata- 
lysed. lysed. 
Fumaric H—C—COOH 15°35% 71°43% 26°73.% 2°57% 
COOH—C—H 
Maliec Bee 32°33 80°70 43°36 2°00 
! 
H-—-C—COOH 
Citraconic CH, - oo 27°00 74°90 36°61 2°20 
H—C—CO0H 
TaBLe VII. 


% Sorption of acids by 1 g. of resin from 100 c. c. of their o’01M-aq. soln. 


Resorcinol-formaldehyde § m-Phenylene- 


resin. diamine Protein Tonisation 
Acids resin. resin constant 
HCl cata- NH, cata- 
lysed. lysed. 
Formic 3°3% 20°04% 33 65% 3°3% 2°14 x I0-* 
. Acetic 5'5 13°00 31°50 Io 1°86 x 107 
Butyric 81 II"42 22°84 _ 1°48 x 1075 
Qaalic 1°75 34°60 74°40 25:00 3°80 x Io” 
Malonic 2°27 24°40 68°30 14°83 16x x 1073 | 
Succinic 285 16°30 47°20 3°00 66 x1075 
Aconitic 100 26'S 80°00 19°10 1°33 x 1073 


Table VII shows the sorption of mono-, di-, and tricarboxylic acid by 
acid- and alkali-catalysed phenolic resins, m-phenylenediamine and protein 
resins. In the previous paper an explanation for the order of adsorption | 
was given on the basis of the ionisation constant of the acid and on the 
accomodability of the .molecule in the capillary structure of the resin. 
Although this view explained satisfactorily the order of adsorption in a 
homologous series, but it will be clear from an examination of Table VII 
‘that there is no general relation between the ionisation constants and 
adsorbability when members of different series are taken into account e.g. 
why oxalic and malonic acids having much greater ionisation constants than 
formic, acetic and butyric acids should have lesser adsorption in acidic 
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resins. This discrepancy can be easily explained on the polar concept. 
The dibasic acids having two polar groups would have greater tendency 
to get oriented towards the more polar water than towards the comparativeiy 
smal polar resin surface. It is interesting to note that the adsorption of 
oxalic and malonic acids in ammonta-catalysed and m-phenylenediamine 
resins is almost double that of formic and acetic acids respectively This 
is probably due to the fact that each of the latter acids differs from the 
former in having one hydrogen replaced by a —COOH group. ‘The addi- 
tion of auother —-COOH group would naturally be expected to give ar 
equal increment to adsorption. ‘They will, therefore, have lesser adsorptiot 
in acid resins as already explained. Aconitic acid having three polaz 
carboxyl groups is adsorbed least of all. 

From Table VIII it is clear that as more polar groups are introducec. 
in the molecule, the adsorption also increases in ammonia-condensed anc 
amino-resins, while it decreases in an acid-condensed resin. 

The polarisability due to orientation is given by 4”/3kT where » is the 
dipole moment, & is the Planck’s constant and T,, the absolute temperature. 
In our experiments T and K remain constant. ‘Therefore the greater the 


TaBLe VILL. 


% Sorption of substituted acids by x g. of resin from row c.c. of their 
o’or M aq. soln. 


Acids Resorcinol-form- m-Phenylene- Protein lonisation Dipole* 
aldehyde resin. diamine resin. constant. momert 
. resin. of groups 
Acidcon- NH, sleds - 
densed. condensed. 
Acetic 5'5 13'0 : 31°50 I’o 1°85 x 1075 a, 
Chloroacetic 2°05 30°69 62°50 12'9 1°52 x 1073 20 
Dichloroacetic 1°30 40°88 - 77°46 30°05 5'00 x x07? 40 
Trichloroacetic — 42°15 82°55 33 96 2°00 x 107! 6'0 
Cyanoacetic r°94 33°50 67°00 14°56 3°56 x 1073 3°5 
Hydroxyacetic 
(glycollic} 2°30 18°82 35°64 2°40 I'gI x 1074 vy 
Aminoacetic (gly- 
cocoll) 135 oo 2°5 o’o 3°40 x 10710 13 
Propionic 5°5 130 35 I"oo I°40 x 1075 ons 
Chloropropionic g’o 20°39 49°52 6 50 1°47 x 1073 2'0 
Hydroxypro- : . 
pionic (lactic) 138 16 00 33°50 200 1°38 x 1074 19 
Aminopropionic 38°5 9°70 16°Io — g’00 x 10710 V3 


* The values for the dipole moments for the groups are taken from “ The Dipoce 
moments and Chemical Structuré "’ by Debye. * : 
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dipole moment, the greater would be the polarisation. The dipole moment 
will in its turn depend on the moments of the groups introduced. Hence 
the greater the moment of the group, the greater will be the polarisability. 
in the substituted acids. Incase of ammonia-condensed and amino-resins 
the percentage adsorption increases with the increase of group moments, 
which is as should be expected. ‘Thus we see that in the case of substituted 
acids also the polar view holds good. Since NHeg group has a moment 
opposite to that of other groups, the decrease of adsorption in the case of 
amino-acids is also explained satisfactorily. 


TaBLEe IX. 


% Sorption of ketonic acids by 1 g. of the resin from their 
100 c.c. of o’orM-aq. soln. 


Resorcinol-formaldehyde m-Phenylene- Protein 
resin. diamine resin, 
» Acids. resin. 
Acid- con- NH;-  con- 
densed. densed. 
Py:uvic (acetoformic) 314% 32°50% 55°0% 18°0% 
Laevulinic (acetopropionic) 10°50 13°80 340 — 


From Table IX it is clear that the percentage adsorption of ketonic 
acids also increases with increase of molecular weight in the case of 
acid-condensed resin, while the reverse holds good in the case of ammonia- 
condensed and amino-resins. 


“Ema 
TaBLeE X. 


% Sorption of substituted succinic acids by x g. of resins 
from roo c.c. of their o’orM ag. soln. 


Rasorcinol-formaldehyde 


- Group 

resins. m-Phenylene- Protein moment 

Acids. diamine resin. x 1018, 

Acid-con- NH3-con- resin. 
densed. densed. 

Succinic 2°85% 16°3% 47°20% 80% — 
Dibromosuccinic —_ 25°0 61°I0 23°47 > 3°8 
Malic 2°00 16°66 ~ 48°30 8°16 7 
Tartaric 0°75 18°34 ~  52°0 10*Io 3°4 


Aminosuccinic 15°6r 1y°2 14*1 2°44 1°3 
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Table X shows the effect on adsorption of succinic acid of the intco- 
duction of different groups. It will be seen that as in the case of substi- 
tuted acetic acids, the introduction of halide and hydroxyi groups increases 
the adsorption in basic resins and decreases it in acidic resins. ‘The amzno 
group having an opposite polarity causes reverse results in both the resins. 

From Table XI we find that with the introduction of OH and carboxylic 
groups the adsorption increases. The adsorption is increased to a greater 
extent by the COOH group than by the OH group which 1s as should be 


according to group moments. 


‘TaBLeE XI. 


% Sorption of hydroxy acids by 1 g. of resin from roo c.c. 
of their o'or1M-aqueous solution. 


Resorcinol-formaldehyde m-Phenylene- Proteir 
Acids. resin. diamine resin, 
Acid-con- NH3-con- resin. 
densed, densed. 
Lactic 13°8 16°0 33°5 _ 
Glycollic 2°3 18°8r 35°64 2"4 
Malic 2°0 16°16 43°3 : 8°16 
Tartaric 075 18°84 52°0 10°L 
Citric 0°50 18°22 63°05 12°8 


From the above results we coine to the conclusion that amino-end 
alkali-condensed resins behave as strongly polar substances while the acid- 
condensed resins behave as non-polar or weakly polar substances, 


Dniversriy Caemical, LABORATORIES, 
Tue Punyas University, Lanorn. Received April 30, 1940, 
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HETEROGENEOUS REACTION BETWEEN CHROMIC 
SULPHATE AND MANGANESE DIOXIDE. 


By Mara PrasaD AND M. A. Naovi. 


The velocity of the heterogeneous reaction between finely divided powdered 
manganese dioxide and chromium sulphate solution has been studied. The reaction 
is concluded to be analogous to the decomposition of ammonia. 


> 
Prasad, Naqvi and Shetgiri (Current Sci., 1939, 8, 361) have shown that 
when a solution of chromium sulphate is shaken with solid hydrated 
manganese dioxide, dichromate ions are formed in the solution. According 
to them the reaction takes place as f 


. 


Cr,(SO,)s + 3Mn0. + H,O a 3MnSO, + H.Cr,0,. 


The correctness of the above equation has been established by them by 
performing several quantitative experiments. 
The present investigation deals with the velocity of the heterogeneous 


reaction between finely powdered manganese dioxide and a solution of chro- 
mium sulphate. 


HXPERIMENTAL. 


Hydrated manganese dioxide was prepared by the method described 
by Chatterjee (Chem. News, 1921, 128, 232). A solution of Merck’s pure 
manganese .sulphate containing a small quantity of potassium nitrate was 
gently heated and a solution of potassium permanganate was added to it 
drop by drop, with constant stirring, cintil the supernatant liquid was 
distinctly pink. The precipitated manganese dioxide was washed free 
from impurities and then dried at about 50°. On analysis the oxide gave 
moisture, 13-75%; Mn, 54°04%; Oz, 31°31% (Mn : O=1 : 1°960). 

This was passed through sieves of different meshes and various fractions 
between two sieves were collected and carefully stored. 

Solution of chromium sulphate was prepared from Merck’s pure 
substance and its concentration was determined in terms of dichromate 
formed by oxidising it with sodium peroxide. Solutions of different 
con.entrations were prepared from this stock solution by diluting it 
suitably. 

The sieved dioxide (o'25 g.) was taken in each of the seven conical 
flasks and 50 c.c. of the chromium sulphate solution were added to each, 


t 
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The flasks were then shaken on a shaking machine placed in the thermostat, 
maintained at a constant temperature. The flasks were removed 
separately at known intervals of time and the solutions were immediately 
filtered. Several trials showed that the effective filtration can be 
quickly carried olit through filter pape1s coated with a thin layer of 
collodion. The filtrate was then made up to roo c.c. and the dichromate 
formed was estimated by titrating it against a standard solution of the 
ferrous ammonium sulphate, using diphenylamine as the indicator. 

The results in Table 1 show that the presence of chromiim 
sulphate does not affect the estimation of dichromate ions by the method 
mentioned above. It will be uoticed that the mixtures chosen contain 
very large proportions of chromium sulphate as it happens in actual 
experiments. 


x 


Tas.E I. 


10 C.c. of the K.Cr.0; solution=9'5 c.c. of a solution of ferrous am.sulphete. 


Mixtures Ferrous ammonium sulphate. 
KeCre0;. Cre(SO,)3. Reqd. Calc. 
6 c.c. 44 c.c. 5°65 c.c. . 5+70 C.c. 
4 46 3-80 3°80 ; 
2 48 I-90 2°90 
I 49 0-95 0°95 


The results obtained are given in the following tables in which C 
represents the concentration of chromium sulphate solution in the fcrm 
mentioned above; 4, the equivalents of dichromate ions formed at various 
intervals and T, the temperature at which the reaction was carried out. 


TABLE II. 


Particles between 60 and 80 mesh. 


Equivalents of dichromate iows formed 


Time. (C=61°6 x 107 *N} (C=154'0 x ro *N) 
T=46° T=36°. =46°. T=36°. 

2 min. 6-05 x 107* * 4°29 x 107* 8°53 x r07* 5:90 x 107 
5 8-25 5°89 10°45 7°50 

10 IO-45 6-97 I2°lo g:Ir 

20 11°55 777 14°03 9°91 

30 rx-83 8°31 14°58 10°45 

40 12-93 9°38 15°13 : 10°99 


60 14°58 10-18 15°95 1-80 
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Tasty III. 
Particles between 80 and x00 mesh. 


Equivalents of dichromate jons formed. 


wig C=61'6 x107*N . C=154'0 x 107 *N 
T=46°. T=36°. T=46°. 
2 min. 7-15 XI07* 4°95 x 107* 10-45 x Io" * 
5 8*80 6°88 12°38 
0 II-00 7°98 13°48 
20 13°20 9°63 15°13 
30 13°75 10°73 15-68 
40 14°58 < II-00 16-23 
60 15°68 11°53 17°33 


DISCUSSION. 


It will be seen that the reaction between chromic sulphate and 
manganese dioxide is very rapid in the beginning but slows down within 
ashort time. TablesIand II give the effects of (i) the change in con- 
centration of chromium sulphate, (ii) the size of the particles, roughly indi- 
cated by the size of the sieves through which the manganese dioxide 
has been sieved, and (iii) the “temperature on the reaction. It will be 
seen that increasing amounts of dichromate ions are formed as (a) the 
concentration of the chromic sulphate solution, (b) the size of the 
particles, and (c) the temperature at which the reaction 1s carried out, 
are increased. 

Nernst (Z. physikal. Chem., 1904, 47, 52) has shown on certain 
assumptions that the order of heterogeneous reactions which proceed 
fairly rapidly is unimolecular. This conclusion has been verified mainly 
in dissolution reactions (cf. Von Name, Amer. J. Sci., 1917, 48, 453; King 
and Braverman, J. Amer. Chem. Soc., 1932, 54, 1744; Collenberg and 
Bodfross, Z. physikal. Chem., 1921, 104, 117). Attempts made to deter- 
mine the order of the reaction studied in this investigation showed that it 
is not a unimolecular one. : 

The heterogeneous reactions take place owing tothe adsorption of 
the molecules of the reactant at the surface of a solid. The rate of this 
reaction is retarded if the molecules of the product or products formed in 
the reaction are also adsorbed by the solid. In the heterogeneous reactions 
at the gas-solid interface, ifthe adsorption of the reacting gas is smaller 
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than the adsorption of the gaseous product, the rate of reaction is given by 


dx _ kla-z) 
dt A+ bx 


where k and b are constants. ‘The integrated form of this expression is 
k 


5 (x) 


v=la aL 


where v= and kn= a3 log ——. 
: t t a-x 
Hinshelwood and Prichard (J. Chem. Soc., 1925, 427, 327) found that the 
above expression is applicable to the catalytic decomposition of nitrous 
oxide at the surface of platinum. On plotting v against km they found that 
the curve is a straight line which cuts the axis of v on the negative side and 
the slope of the line is given by| a+ ; ; 


If the adsorption of the gaseous product is very great then the reaction 
velocity is given by 


dx _k(a-x) 
di x 
which, on integration, gives 
v=akm—k. tae (2) 


The application of this expression has been realised by Hinshelwood and 
Burk (J. Chem. Soc., 1925, 127, 1114) in the decomposition of ammonia au 
the surface of heated platinum wire in the region of 1000°. 













own - 
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The application of the expressions (1) and ‘2) was examined in the case of 
the reaction between chromium sulphate and manganese dioxide. Values 
of v are plotted against &», and the straight lines obtained are shown 
in Fig x. It will be seen that the straight lines mtersect the v-axis on 
the negative side but the values of the intercepts*are very small. Also 
points corresponding to the reaction at different temperatures with the 
solution of chromium sulphate of the same concentration and of different 
particle size, lie on the same straight line. Values of the slopes S of 
the two lines shown in the figure are nearly the same as the concentca- 
tion C of the chromium sulphate solution. This leads to the conclu- 
sion that the reaction studied in this mvestigatiou is analogous to the 
decomposition of ammonia and that the rate of this reaction is governed by 


the expression (2). 


Further work on the subject is in progress. 


Curmycal, LABORATORIES, 
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A NEW METHOD OF PREPARING HYDROSOLS OF SHELLAC 
AND OTHER NATURAL RESINS AND THEIR PROPERTIES. 


By Santrt RANJAN PALIT. 


A method for the preparation of concentrated clear hydrosols of shellac, rosin, 
mastic, etc. has been described, and a brief study of their physico-chemical and colloidal 
properties has been made. The shellac sols have been found to produce thin, trans- 
parent varnish films on air-drying which are more hard and water-resistant than ordi- 
nary shellac films from French polish. : 


Hydrosols of resins like mastic, gamboge, shellac, etc. have been pre- 
pared and studied by a number of workers. These sols are generally pre- 
pared by the method, perhaps first used by Spring (vide Burton, “* Physical 
Properties of Colloidal Solutions ’’, p. 18), of pouring a small quantity of 
alcoholic or ethereal solution of the resin in cold or boiling water and the 
subsequent expuision of the organic solvent by heating. This method 
has the drawback that the sols are, as a rule, milky-opaque having a pre- 
ponderance of coarse microscopic particles and contain a very small 
quantity of the dispersed phase (about o'r g. per litre). The present paper 
deais with a different method of producing transparent concentrated 
hydrosols of the resins and a study of their properties. 


ExPERIMENTAL,. 


Method of Preparation. 


The method, in short, consists in diaiysing an ammoniacal solutian 
of the resin when free amnionia diffuses out and the amifnonium salt of the 


resin suffers membrane hydrolysis leading to the formation of a colloidal 
solution of the resin. 


The resins (about 5-15 g.) were dissolved in 100 c.c. of ammonium 
hydroxide (o'r~0’5N) toa slight excess of ammonia. After fiitration the 
solution was diaiysed in thin cellophane (P. T. 300) or collodion bags 
against distilled water which was changed twice a day. With the progress 
of dialysis colioidal properties began to appear as evidenced by the ease of 
coagulation of the resin by the addition of N/2-potassium chloride to « 
small portion of the solution. Dialysis was continued until the dialysate 
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gave a slight colouration (no precipitate) with Nessler’s solution and only 
a faint opalescence on addition of dilute hydrochloric acid or alum soittion. 
This was achieved in about four or five days with the thin cellophane 
membranes (P.T. 300), and in two to three days with the collodion 
membranes. ‘The criteria of formation of a good sol are that it should be 
transparent, neutral or very faintly acidic, and easily coagulable by the 
addition of about its own volume of o-5N-potassium chloride solution. 
If dialysis is continued for a much longer time, the sol gradually turns 
opalescent and becomes increasingly sensitive to electrolytes. Such 
over-dialysed sols either tend to form soft gel-like mass or separate coarse 
precipitates on keeping. 


A method of further purification of the sol thus obtained, which has 
been found to be very suitable for the rosin sol, is to ultrafilter the sol 
and to treat the still moist residue on the ultrafilter with water when the 
residue disperses to form a faintly acidic (pu 5 to 55), stable and trans- 
parent sol which shows no tendency to settle or separate any coagulum 
even on keeping for over six months Other alkalis like sodium carbonate 
or borax have also been used with success but the yield is somewhat less 
in these cases. 


The properties of the final sol are found to depend on the initial 
concentrations of ammonia and the resin, and also on the rate and extent 
of dialysis. The sols contain ammonia to the extent of about ro to 45% of 
the total equivalent of the resin acid present in the sol. This small 
concentration of ammonia is necessary for the stability of the sol and 
removede by prolonging the dialysis, the sol coarsens and ultimately 
coagulates on keeping. This method has been applied with success in the 
cases of shellac, bleached shellac, rosin, abietic acid and mastic. 


e Physical and Chemical Properties. 


The sols thus produced are clear, transparent liquids usually having px 
values between 6°6 and 7°2 for shellac sols and between 5°0 and 5'5 for rosin 
sols. Due to considerable osmosis and the diffusion of the resin anions 
during dialysis the concentration of the final sol is much fess than that 
originally taken, but the sols can be concentrated to any desired concen- 
tration by slowly evaporating on the water-bath, if the concentration of 
ammonia in the sol is not below a certain critical amount. The properties 
of some typical sols prepared by this method are summarised in the 
following table, 
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TaBrE I. 
Shellac hydrosol. Rosin sol. 
I 0 
s 
i, Appearance Transparent. Transparent, Clear in transmitted 
slightly hazy in light, opalescenz in 
reflected light reflected light 
2. Conc. of resin (g. per 3°72 3°2 0-79 
roo g. of water) 
3. Cone. of ammonia in 0°025 oror7 0-003 
the sol in normality 
4 Sp. conductivity 1-38 x 1073 +33 x 1073 1-48 x 107-f 
(mhos) at 30° 
bu 7°23 710 5°42 
6. Relative density 1-0058 1°0056 T'O0I0 
(30°) 
Relative visco- 1°30 1°24 T°04 
sity (30°) 


The concentration of the resin was determined by evaporating to 
dryness a known weight of the sol and then heating for about 2-3 hours 
at 90-95° until the weight remained fairly constant. Ammonia was 
estimated by micro-Kjeldahl method according to the directions of Pregl 
“* Organic - Microanalysis ‘’. pu values were determined with a glass 
electrode (Morton’s type) assembled with a Cambridge valve potentiometer. 
All other constants in the above table were determined by the wus.al 
apparatus. 

A simple calculation from the known acid values of the resins (Shel‘ac, 
70; Rosin, 160) shows that the stabilising electrolyte (ammonia) is present 
in such concentrations as to neutralise only 10-50% of the total resin acid 
present. In fact, the shellac sols prepared by this method are not very 
stable on keeping if the concentration of ammonia is not sufficient to 
neutralise at least 25% of the total acidity of the resin, but with rosin sols, 
except for a slight haziness, there is hardly any loss of stability even vith 
concentrations of ammonia capable of neutralising only 10% of the total 
acidity of the rosin. 


4 


Colloidal Properties. 


The sols show strong Tyndall effect, which is easily visible vith 
illumination from a powerful source of light in a dark room. 


3 
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The sols do not pass through ultrafilters as proved by analyses 
of their ultrafiltrates. The results are shown in Table IJ. A Zsigmondy 
type 9 cm. ultrafilter bed with commercial ultrafilters manufactured by 
de Haen & Co. were used. The sols were first ultrafiltered through 
‘membranefilters’ (fine) and then through ‘ultrafiltef’ (fine), the latter — 
being capable of retaining very fine colioids like gold sol, albumen, etc. 


Tasre II. 


Shellac sol I Shellac sol IT. Rosin sol. 
Original. Ultrafiltrate. Original. Ultrafiltrate. | Original. Ultrafiltrate, 


1. Residue 0-361 0-014 0+262 0°0134 0-0786 0-004 
on evapora- 
tion of 10 ¢.c. 


2. Concentra- —_ _ 0-0124 0-0012 0°0031 trace 
tion of am- . 
monia 


Table II shows that greater part of the ammonia in the sol is present 
as stabilising ions in the double layer or deeply embedded in the core of 
the micelles and not in the inter-micellary liquid and so does not pass into 
the ultrafiltrate. It willbe observed that for the shellac sols about 4% 
of the resin pass into the ultrafiltrate, which is perhaps partly due 
to the extremely fine state of subdivision of the dispersed phase and 
partly to the presence of free ammonium salt of the resin. 


The sols are coagulated by electrolytes, acids being extremely active but 
otherwise the coagulation follows the valency rule Bases like caustic soda 
first precipitate the sol and then slowly dissolve the resin thus precipitated. 
In Table III are given the coagulation values with some typical electrolytes. 
‘These coagulation values or liminal concentrations were determined accord- 
ing to the procedure followed by Freundlich (Z. physikal. Chem., 1903, 24, 
129) by noting the minimum concentration of the electrolytes necessary to 
produce visible coagulum or loss of tranparency after two hours pn mixing 
equal volumes of the sol and the electrolyte solution. ‘To obviate the diffi- 
culty of observing coagulation due to gel formation, all coagulation experi- 
ments were carried out with sols diluted to attain a concentration of 1% 
solid content for shellac and o1% for rosin. Aluminium chloride sometimes 
seemed to produce ‘anomalous series ’ effect with shellac sols, 
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Tasie III. 


Liminal concentration (millimols/litre}. 


Electrolytes.  ° Shellac so} T. Shellac sol D1. Rosin sol. 
Hydrochloric acid II 0°74 1-16 
Potassium chloride 240°0 * 190°0 250-0 
Barium chloride 38 32 =~, 9:0 
Aluminium chloride I-08 0-65 ; 0-062 


The coagulation values depend on the concentration of ammonia present 
in the sol as shown by the values (‘Table IV) for different samples of the sare 
shellac sol (A,, As, A; and A,) taken out after different degrees of dialysis. 
The sols A,, Az, and A; were transparent, while sol’ A, was slighfly 
opalescent. ‘The rosin sol A. was prepared by ultrafiltering sol A, and then 
dispersing the moist residue on the ultrafilter by addition of water wher it 
formed a stable, transparent, non-settling hydrosol. Coagulation values were 
determined after dilution of the sols to x g. of solid content per litre. It is of 
interest to note from acomparison of the coagulation values of the rosin 
sols A, and A, that the presence ofa smail quantity (about 5% of the total) 
of ammonia in the intermicellary liquid may produce a large difference in 
the coagulation values. 


Tasie IV. 
Sol. No, of days Conc. of resin Conc. of CAignlation value 
dialysed. _g./1000 g. water. | ammonia < 103, with KCI. 
\ 
A; Shellac sol 4 ro a80x 385 
7 
Ay» » 5 10 0°727 315 
Ago» ” 7 1'o 0°58 215 
Ag oo» » ro ro 0.474 165 
A, Rosin ,, ~_ r°0 0°39 240 
Ago» ” ~ ro 0°372 175 


Film-forming Properties. 


The shellac sols have the useful property of drying to a thin transparent 
film at room temperature in about one or two hours. Test panels on glass 


¢ a 
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show such films to have high scratch-hardness and water resistance. ‘Thesé 
films neither show any tendency to dissolve nor blush when kept immersed 
in water for 24 Lours, whereas films from the ordinary spirit-shellac varnish 
blush in about an hour. The films are ha:der consistent with the fact that 
the shellac in the sol contains more hard resin than ordinary shellac due toa 
more rapid diffusing of the soft resin during dialysis. In fact, the percent- 
age of soft resin in the sol is found to vary between 8 and 12 as against 
28% in the original shellac. Itis suggested that ammouiacal solutions of 
shellac should be dialysed before application as varnish if it is desired to 
confer to them water-resisting properties, paler colour and high scratch- 
hardness. 

: The author wishes to thank Dr. H. K. Sen, Director; Indian Lac 
Research Institute for his kind interest and helpful suggestions. 
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KINETICS OF THE REACTION BETWEEN POTASSIUM 
PERSULPHATE AND ALKYL IODIDES. PART III. 
CATALYTIC ACTIVITY OF A WEAK ACID. 


By'M. S. Teranc anp V. V NADKARNY. 


A detailed study of the hydrogen ion catalysis in the persulphate-alky] iodide 
reaction is made by using a weak acid facetic) as a source of the catalyst. The hydrogen 
ion concentration is controlled by the addition of nentral salts, sodium acetate and by 
varying the concentration of the acid itself. ‘‘ Secondary electrolyte effect *’ is observed 
in presence of neutral salts. The catalytic coefficients of acetate ions and of molecules of 
undissociated acetic acid have also been determined. The reaction is accelerated by 
hydrogen and acetate ions and retarded by molecules of undissociated acctic acid. 


In continuation of our previous communication (Telang and Nadkarny, 
J. Indian Chem. Soc , 1939, 16, 536) a more extensive study of the hydro- 
gen ion catalysis has been made by employing a weak acid like acetic acid as 
a source of the catalyst. Incidentally, the study of the catalysis by all ions 
and molecules is made. 

With acetic acid as the source of the catalyst 

Ki= Cat Cam : fat f ae 
Cua 

(vide Moelwyn-Hughes, ‘‘ Kinetics of Reactions in Solution’, 1933), both 
activity coefficients decrease with the addition of neutral salts, so that an 
increase in Cx* is anticipated and the “ secondary salt effect’’ should be 
positive. Brénsted and La Mer (J. Amer. Chem. Soc., 1924, 46, %55) have 
applied these considerations to the catalytic decomposition of diazoacetic 
ester by hydrogen ion. Dawson and Lowson (J. Chem. Soc., 1920, 393, 
1217) found in the hydrolysis of ethyl acetate by means of three different 
acids (acetic, glycollic and dichloroacetic) in the presence of sodium chloride 
that the reaction velocity at first increased with increasing concentration 
of salt. ‘The concentration of hydrogen ion has been obtained by means of 
the relation k’”=k[H*], where k” is the catalytic coefficient of Bredig 
and Fraenkel (Z. Electrochem., x905, 141, 525) independent of the nature 
of the acid. k” is calculated from the equation, 


In k!!=29'27—-17480/RT (Fraenkel, Z. physikal. Chem., 1907, 60, 202). 


The researches of Goldschmidt (Z. physikal. Chem., 1910, 70, 627), 
Bredig (Z. Electrochem., 1912, 18, 535), Suethlage (ibid., p. 539) and 
Dawson (J. Chem. Soc., 1913, 108, 2135) have indicated that the molecules 


” 1 
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of undissociated acid as well as hydrogen ions possess definite catalytic 
Properties. Dawson extended the hypothesis of dual catalysis by ascribing 
catalytic effects to all the molecular and ionic species present. The influence 
of acetic acid as a solvent was referred to in Part I of this series (Telang and 
Nadkarny, loc. cit.) and in view of the catalytic effects due to undissoviated 
as well as ionised acetic acid, the influence of acetic acid on the kinetics of 
the persulphate-alkyl iodide reaction merited further investigation.. 


~ 


ExPERIMENTAL. 


he reaction was carried out at 50° for two hours in each case in the 
manner previously described (Telang and Nadkarny, loc. cit.). 


Tasie I. 


10 C.c. of N/5-C,H,I (alcoholic) + 10 c.c. of N/5-KyS.0,+0'5 c.c. of 
o's65N-acetic acid + x c.c. of 4N KNO, made up to 100 c.c. with water. 


x. Electrolyte (added) Titre Velocity constant 

concentration. (N/2001,). ke x x08, 

0°5 C.c. 0-02 N 12°3 C.c. 258°9 
ro 0°04 12°I 255°2 
2°5 or 12-0 253°2 
10-0 04 r5"0 318-4 
15°0 06 16°6 353-0 
ee o'8 ° 16°8 358°7 

TaBLe IT 


. (Based on Table I).  k!59° =8-252. 


Total electrolyte Regg? x x08, [H+] x x08, 
concentration. 
o04 N 92°7 1X2 
0°06 84°0 sie 
orl2 67°0 0-812 
0°42 57°2 0°693 
o'62 : 4x8 0°507 


082 = 2° 
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TABLE Ii. 


10 C.c. of N/5-C,H,I (alcoholic) + 10 c.c. of N/5-K,S.0,+1 c.c. of glacial 
acetic acid+x c.c. of 4N-NaNO, made upto too c.c. with water. 


%. ¢ Electrolyte - Titre. Velocity constant 
concentration. k x 108, 
Nil Nil 82 c.c. 172°6 
0-5 Cc. 002 N gL 184°2 
ro 0°04 85 178.4 
a5 or 96 203°3 
s'0 or2 9°5 201"4 
75 0°3 2°6 245°6 
10°0 O-4 x16 245-6 
200 og 12-4 260°8 
40'0 1-6 13°8 agr'6 
TABLE IV. 


ro Cie, of N/5-CsHgI (in acetic acid) + 10 c.c. of N/s- K.S.0.+ x c.c. of 
4N-NaNO, made up to 100 c.c. with water. 


x. Electrolyte Titre. Velocity constant 
concentration. Rk x 108, 
Nil Nil 9°3 C.c. 195-6 
5 Gc. 0-02 N 8x 170-7 
ro 0°04. 78 163-0 
295 Or 79 165°0 
50 o2 93 195-6 
10:0 O-4 95 2014 
20'0 08 10-3 216-8 
e 
TABLE V. 


to C.c. of N/5-C,HsI (alcoholic) + 10 c.c. of N/5-K2S.0,+<x ¢.c. of buffer 
made up to rooc.c. with water. The buffer consisted of 25 c.c. of 
0°565 N-acetic acid+ 75 c.c. of 1N-Na-acetate in a total volume of 100 c.c. 
of buffer. ° 


x. Titre, Acetate ion Velocity constant 
concentration. Rk x 108, 
org cc. 10°6 ¢.c. 0°0038 N 222°5 
10 9°7 0-0075 205-2 
25 8-4 09-0288 176'5 
5:0 10-0 0-0375 2II-o 
10-0 10°4 0°075 218.7 
15-0 12°7 O-T125 2685 
200 1472 O-I50 301T 


49-0 188 0-30 400°9 
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TABLE VI. 


to C.c. of N/5-C,H,I (alcoholic) + 10 ¢.c. of N/5-K,8,0,+x c.c. of buffer 
made up to 100c.c. with water. The buffer consisted of 50 c.c. of 


o°565N-acetic acid+50 c.c. of rN-Na-acetate in a total volume of 100 c.c. of 
buffer. 


x. Titre. Acetate ion Velocity constant 
concentration. k x x08, 
O5 C.c. Ir-O cc. o-0025 N 232°I 
ro - or 0005 184-2 
25 - 92 0°0I25 193°7 
5:0 8°6 0-025 180°3 
10-0 O7 0-05 205°2 
15'0 10-3 0-075 216-8 
200 1x0 8 O-I0 » 228°2 
40° 1494 0°20 305° 
TaBrEe VII. 


to C.c. of N/5-C,.H;Il+10c.c. of N/5-K2S,0,+5 c.c. of o'565N-acetic 
acid + x c.c. of 1N-Na-acetate made up to 100 c.c. with water. 


x. Titre. Acetate ion Velocity constant 
: concentration. k x 108, 
or5 C.c. Io-g CC, 7 o-005 N 218°7 
10 5 0-0r 2014 
25 88 0-025 186° 
5:0 Io-r : 0-05 193°7 
10-0 11°6 3 o-10 245-6 
150, 13°5 Ors 285'9 
20-0 14:5 _ 0°20 306°9 
40"0 23°95 0°40 514:0 
Tasie VIII. 


to C.c, of N/5-C2H,I (alcoholic) + x0 c.c. of Ni/5-K,S20,+ c.c. of o'565N- 
acetic acid made tip to 100 c.c. with water. 


x. Titre, Velocity Concentration we, (k} %c) x 108, 
constant (k% x 108}, of the acid (c). 
0-5 C.C. IL-2 C.c, 236-0 0-00284 N 0°9533 4432 
r-0 78 1630 0°00567 0°0753 2165 
25 8-7 184-2 001418 o°rigr 1547 
5'0 8-6 180°3 0:02835 0°1684 1071 
5 103 216-8 0°04253 0-2062 1052 
10-0 10-7 226-3 0 0567 0-238 9504 


15°0 10-4 2187 008505 : 0:2917 749'9 
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DISCUSSION. 


Secondary Electrolyte Effect. 


In Table I, it ig observed that the hydrogen ion-concentration decreases 
steadily till it reaches the minimum value at a concentration of o-82 I/ 
of the electrolyte.. The values of ks 9° given are corrected for the catalytic 
effect of added KNO, and also for the initial reaction velocity in the absence 
of acetic acid catalyst. Hence neglecting the small catalytic effects cf 
acetate ions and undissociated acetic acid molecules, the kx° values giver 
represent the velocity due to hydrogen ions only. The total electrolyte 
concentration also includes the potassium persulphate concentratior. 
The k values evaluated from the equation 

for? 
ce—[H*] 
where c is the acid concentration, also run in a similar way as the hydroger- 
jon concentration. Apparently this is rather unusual in the sense thet 
according to theory, the “secondary electrolyte effect’ for acetic acid 
catalysis should be positive. In order to confirm the results, two more 
experiments were performed with higher concentrations of acetic acid and 
the results are given in Tables II] and IV. It is seen from these tables, 
that the velocity increases at the first addition of salt and then begins 
to decrease, ‘These observations are unlike Dawson's results where this 
change was observed at comparatively high salt concentrations. I 
may be of interest to note that the resultant velocities in this reaction 
tend to decrease, at first pass through a minimum and then again increase, 
This is probably due to the primary catalytic effect of the added electrolyte 


k= 


Catalytic Coefficients of Acetate Ions and of Molecules of Acetic Acid. 


ka, the catalytic coefficient of the acetate ion ayd ks, that of th2 
undissociated molecule of acetic acid have been calculated by employinz 
three different methods (vide Glasstone, “‘Recent Advances in Generel 
Chemistry '’, 1936), Chapter VIII. These terms are evaluated graphically, 
Experiment shows that the molecules of undissociated acid have a negative 
catalytic coefficient. The results obtained by all the three methods ar 
of the same order of magnitude although the actual figures may show 
slight differences. 

In accordance with the equation, V=haxtkwc, ifx is plotted against 
V, the reaction velocity passes through a fairly sharp minimum and then 


4 


2 
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begins to increase in a linear manner as the salt concentration is increased 

(vide Table VII). The slope of this line ks=o'9X 107°, and its intercept 

when extrapolated to cut the V-axis ((x=o0), kuc=-—2'5x107°, hence 

‘ku= 2-0-9 xX 107°, (While calculating kyc, ‘the initial, reaction velocity in. 

the absence of the catalyst was taken into consideration). ; : ae wet 
. According to the equation : 


Po VC = (kat tha ky) Ve have oS 
if v / v Cc. is plotted (Table VIII) against /c, a straight line representing the 
variation of the reaction velocity with the concentration of the acid is anti- 


.cipated. .But in this experiment it isnot so. The values of V/1c decrease 
rapidly at first and then gradually decrease in a linear manner with increasing 


Vc. From this behaviour, it is cledr that the hydrogen-ion concentration 
cannot be neglected in very dilute solutions. For purposes of evaluating 
the required-constant, the slope of the line at higher concentrations, _where 
representation isa linear function, is considered. Hence the slope 

= — 2" Ox Io ee : F 


_ By employing actone: . 


4 : ers pe ISU Shae 
_— erg: 
key = 1°35 X 1073 and ku=—1° , x a (Tables V and VI). 
Attention may be drawn to the ’ solvent effect of acetic acid as given 
in .Part I (Telang and Nadkarny, loc. cit.}. It was observed that the 
velocity in presence of acetic acid remained practically unaltered. The 
reaction isfiighly catalysed by hydrogen -ions and the velocity in acetic 
acid should have increased correspondingly. Whatever acceleration may 
be produced by hydrogen and acetate ions may be counterbalanced by the 
retardation due to molecules of undissociated acetic acid. Hence, probably, 
no change in the reaction velocity with acetic acid as the solvent is 
‘observed. . 


~e ah oe 


_ .RAMNARAIN Rora COLLEGE See Sa 
AND 
Sr. Kavizer’s CoLnLece, Received April 23,-1940. 
Bompay 7 ‘ 


pte My Oe Ye ~ fe 


Jovan’ so Sots x 3 a1 sere) Ride She 


KINETICS OF “THE SAPONIFICATION OF. ESTERS IN ‘DILUTE 
SOLUTIONS. A STUDY OF THE EFFECT OF SUBSTI ~ 
TUTION ON THE RATE-DETERMINING FACTORS. 


By HrrataL, SHRIVASTAVA 


A hinetic study of the saponification of eleven aliphatic esters, R’COOR (where R 
“and R’ vary from CH3 to C5H)) has been made in pure and dilute aqueous solutions. 


Analysis of the results on the basis of the equation K =Pze=/RT hows that changes 


in velocity are due in a greater measure, if not entirely, to changes in the steric factor 
In the ‘case of normal esters, however, the energy of activation shows a slight but 
progressive increase as the series is ascended, whereas for isomeric esters the energy 
of activation is practically ‘the same. These observations have been discussed in the 
light of the results obtained by others, 


Kinetic studies of saponification of esters may be traced back for more 
than half a century. It is, however, only during recent years that a 


rational study of the subject has been attempted in the light of the appli- 


ve —E/RT . < s 7 : 
cation of the equation K=PZe i in the interpretation of kinetic data. 


Special attention has been directed to the experimental determination ot 
the energy of activation, (E) as a means towards arriving at a correct 
understanding of the effect of alkyl substitution on ‘the different rate- 
determining factors in the saponification of- esters. : 


Earlier work on the subject in” pure aqueotis solutions (Warder, Ber. 
1881, 14, 1361; J. Amer. Chem. Soc., 1881, 3, 203; Reicher, Ann@len, 1885, 
228, 257; 1885, 232, 103; 1887, 238, 276; Smith and Olsson, Z. physikal. 
Chem., 1922, 102, 26; 1925, 118, 99) shows that if we start with CH,COOR 
and vary R from C,H; to CH, there is no appreciable variation in E (which 
is practically constant round about 11,000 cals.). More recently Evans, Gordon 
and Watson (J. Chem. Soc., 1938, 1439) from their study of the rates of 
saponification of different esters in 85% aicoholic solutions found thar’ 
(i) E inereases gradually as the normal series is ascended and tends tc 
reach constant maximum, and also (ii) in esters which are not brancheé 
at the a-carbon atom the changes in K are due almost entirely to changes 
in E. These findings bave been adversely criticised by Smith anc 
Levenson U. Amer. Chem. Soc., 1939, 64, 1372; also cf., ‘Smith. 
ibid., p. 254) whose experimental results show no appreciabie variatior. 
in E as one passes up the ester series. These latter authors contend 
that variations in K-are due entirely to changes in the steric factor F 
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In a subsequent paper Smith and McReynolds (ibid. p. 1963) have offered an 
explanation of all observed regularities and abnormalities in these saponifica- 
, tion studies on the basis of a ring theory for the structure of higher mem- 
bers. F 

All inferences and conclusions in these matters obviously depend 
upon the accuracy of the kinetic measurements and the conditions under 
which they are made. ‘The investigations referred to above have all ‘been 
made in reaction mixtures at concentrations convenient for purposes of 
the usual acidimetric and alkalimetric titrations. This analytical procedure 
puts a limit to the dilution up to which we can proceed.. ; 

It appeared to the author desirable to undertake a study of the kinetics 
of saponification of a series of esters in very dilute solutions with a view to 
collecting aceurate data and testing the validity of the different views put 
forward in regard to the influence of substitution on the rate of reaction. 
The present study deals with kinetic measurements of the saponification of 
eleven esters. 

ExPERIMENTAL. 


Preparation and Purfication of Esters. 


.Ethyl propionate, n-propyl acetate, isopropyl acetate and butyl acetate 
were prepared by Fischer-Speier’s method from the corresponding 
(Kahlbaum’s) alcohols and acids. Other esters were purchased from 
Kahlbaum. Each ester was shaken with a slight excess of dilute sodium 
carbonate solution to remove any acid present, then washed with pure 
water, and dried thoroughly by shaking with anhydrous sodium sulphate 
and leaving overnight. The purified and dried ester was repeatedly 
distilléd. In the case of Jow boiling esters, an eighteen-inch fractionating 
column was used. In every case the middle fraction distilling over at a 

_ constant head temperature was collected for experimental work. The 
observed boiling points are recorded below. The figures within brackets 
indicate the corresponding pressures in mm. of merctiry :—Methyl acetate, 
56-2° (73840); ethyl acetate, 76-0° (735°65) ; n-propyl acetate, 100°5° 
(739°35) ; isopropyl acetate, 88-0° (734-15) ; x-butyl acetate, 125-0° (739°35) ; 
isoamyl acetate 137°5° (738-70) ; methyl ‘propionate, 785° (738-70) ; ethyl 
propionate, 98-0° (734-15) ; methyl] butyrate, ro1-0° (735°35) ; ethyl butyrate, 
118-5° (735-35) ; ethyl isovalerate, 133°2° (736°20). ‘ 

The purified esters were analysed by leaving overnight a weighed 
sample of each ester in contact with a known excess of standard alkali in 
well stoppered Jena glass flasks, and then titrating the excess of alkali 
with standard acid. All the esters gave satisfactory proof of purity 
(between g9-5 and 100%). 
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Analytical Piocedure and other Experimental Detatls. 


‘The saponification was studied in aqueous potassium hydroxide 
solutions at three or four temperatures for each ester. An electrically 
controlled water thermostat was used and the temperature could be kept 
constant to to-ozr of adegree. All solutions were prepared in conductivity 
water. Vessels used were of Jena or pyrex glass. 


The main difference between previous studies and this one is chiefly 
in regard to the dilution at which measurements have been made, dilution 
herein employed being in the region of o-o05N to o-o01N, 


The reaction was followed by pipetting out known volumes of the 
reaction mixture at different intervals of time and running it into a known 
quantity of hydrochloric acid solution. This stopped the reaction, the 
acid catalysed hydrolysis being comparatively very slow. ‘The excess of 
acid was estimated by adding to the mixture potassium iodide and potassium 
iodate and titrating the iodine liberated against standard (nearly o-oos5N) 
sodium thiosulphate solution. ‘This iodometric method, as is well knowaz, 
is capable of yielding accurate results and has enabled us to extend our 
studies to the region of great dilutions. 


In the case of low boiling esters the reaction mixture was made up 
by diluting 25 c.c. of o-o4N-potassium hydroxide solution to 225 c.c. with 
conductivity water, and then adding in 25c.c. of a freshly prepared ester 
solution of known concentration (in the neighbourhood of o-o4N) at the 
required temperature. In order to reduce to a minimum losses due ic 
evaporation, the ester solution was prepared as follows:ea 100 c.c 
‘ measuring flask was filled with water to within a short distance of the 
mark on the neck. The ester was then added and dissolved by shaking 
well. Only a few drops of water were then needed to dilute the solutior. 
to the mark. In the case of high boiling esters, the ester was direcUr 
added to the alkali solution at the required temperature from an accuratelz 
calibrated micro-pipette. 


At least two, and usually three or four runs were made at eacla 
temperature for each ester. 


The bimolecular velocity constant was calculated in terms of litres/g, 
mols, min, from the equation 


b(a- x) 


log K =~2:393 
a ta—b) log a(b— x) 
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RESULTS. 


The results of a typical run are given in Table I. 


Seay 


Bue Legy Tanue L. Seis. 


Saponification of ethyl acetate at25°. ~~ - - 
(N/252°29 ester + N/250-1KOH) ;(a—b)=0-181 Cc, N/ 208-22 ; (a-—x) 
and (b—.x) are expressed in c.c. N/208°22. : “oe 





Time Alxali conc. Eeter cone. ; Velocity constant, K. 
(t) \a—x) ; te (b—2) (in litres/g. mols. min ) 
o min ; sey te: = 16-604 23 
4 : 15-85 a 15-669 eye 5°4606 
a: , 41S 74-494! ; 573685 
15 13495- 13-244 a mw ee 5°4713~ é 
220 1220 - +. 7. 12019 ate a OS 
32 ; ‘0-90 a = 1 " 10°719" a a 5°4225 © Bee 


° oe Mean ° 5-4560 me 


TABLE Il. 


_ Effect of variation im initial concentration of alkali and esies 
on the velocity constant for the ethyi acetate 
by aqueous KOH at 28°. 


Initial conc.of KOH: ~ _Initialconc. of ester:~ Kyg° itres/g. mols, min.,. 
ae 0-004 N “"" 9.605 N” : “6.89 ue 
” o'00125 : ; - 6°72 
00025 - 9°005 6-825 
pate ta Fe - 00025 me : 6-865 i 28 
0*002 ° 0-005 : 6818 
o'oor o’olo 6-355 . 
35 © 0005 7 ne _ 622 
” 0002 , 6-16 
es age Ss o*00r = eee _ 5°87 


The figures in Table I1 show that when the initial concentrations of 
the reactants are altered over a narrow range_ (cf. figures in the first five 
horizontal rows) there is no. appreciable change in K. This result is in 
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agreement with the observations of previous workers (Arrhenius, Z. physikal- 
Chem., 1887,1, 110 ; Burgarsky, ibid., 1891, 8, 398). The last four sets of 
figures (horizontal rows) show, however, that when the concentration of 
KOH is kept constant and the initial concentration of ester varied *from 
oorM to o-oarM, the value of K falls by about 10%. Changes. of 
such magnitude are usually met with in reactions taking place between 
neutral molecules and ions and an increase in K with an increase in the 
initial concentration of the uon-electrolyte is from general considerations 
attributable to increase in the activity of the reacting ion. ‘The evidence 
for’such a view should, however, be regarded as qualitative (Moran and 
Lewis, J. Chem. Soc., 1922, 121, 1620; Kappanna and Shrikhande, J. Indian 
Chem. Soc., 1931, 8, 557) and the point has not been further eags in this 
investigation. 

Table IIT gives the values of K. for different esters at different tem- 
peratures. These are the results of experiments carried out with different 
esters, the initial concentration of each reactant in the different’ reactior 
mixtures being in the neighbourhood of M/250. The results with different 
esters, therefore, relate strictly to comparable conditions—a ‘point of 
importance from the standpoint of the present investigation: 

Table IV contains the values of K at 25° for each ester together with 
the corresponding values of E, Z, PZ and P. The energies of activatior 
were calculated from the plot of log K against 1/T. Z was calculated from 
the usual kinetic theory formula in terms of litres/g. mols. min.. For 
this purpose the molecular diameters, 7, were calculated from Sugden’s 
parachor values by means of the formula o=0-725 x 1078 x (Parachor)3. The 
values of PZ and P were then calculated from the formula K = P&e-E/RT 


TaBe III. 


_ Ester. Kos: Ko" K35° 7. Kyo,” Ky45° - Kis: - 
Methyl acetate 8889 I1-92 15-4T 19°75 ~ pe gee 
Methyl propionate 7°203 10°00 13-55 18°09- , 

Methyl butyrate 4:869 6-456 8-go2 ~ 14°48 24°69 ~ 
Ethyl acetate 5°454 — 9448 -_— 6-318 - 28-24 
Ethyl propionate 4:588 —_ 8-123, — I4°O15 

Ethyl butyrate 2°405 — 4°573 _ 7-874 13°22 
Ethyl isovalerate 0-871 ° — 1-487 — 2307 3-818 
n-Propyl acetate 4-474 = 8-054 —— 13°82 

isoPropy! acetate 1-383, = 2-462 —_ 4°304 . 

Butyl acetate 3-863 —_ 7-028 _ 12K} 


isoAmy! acetate 3°95 i oe 5°836 — graqr - 15:89 
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= Taste IV. 

Ester. wat Ky. E. Zx1078, PZx 10°, P.. 
Methyl acetate 8-889 1000 12474 1-8769 T+549 
Bthyl acetate : 5°454 yoogo - 1381774182624 
n-Propyl acetate 4°474 10550 1°3987 2.3022 I°7095 
isoPropyl acetate 1-383, 10800 _ 13759 1-1268 0-8189 
Butyl acetate 3-863 r08co0 1-3977 31471 2°2517 
isoAmy\ acetate , "3.295 10060 2-1586 0-7406 0°3447 
Methy] propionate 7203, III50 T+3856 = 10744 7977 
Ethyl! propionate 4°588 T0400 13899 1928 17387 
Methyl! butyrate _ 4°860 ‘ 10500 1-8666 2°3559 1-263 
Bthyl butyrate 2-405 10700 _i7727 , I:712 To4g5t 
Ethyl isovalerate - 0871 9600 2*1442 0°09376 =: 0°0437 


An examination of these tables reveals the following points :— 


(a) K is of the same order of magnitude thus showing that the 
mechanism of saponification reaction is the same for different esters, - 

(b) K decreases at first rapidly, then slowly as the homologous series 
is ascended, and the value of E, in general, shows a progressive increase, 
But the drop in K in passing from methyl (or ethyl) propionate to methyl 
(or ethyl) butyrate is much greater than the decrease in K in passing from 
mtehyl (or ethyl) acetate to methyl (or ethyl) propionate. But there is no 
corresponding discrepancy between the values of K for ethyl, n-propyl, 
and butyl acetates; decrease in K is regular if the alcohol radical is 
changed, ‘ 

. (c) Isomeric normal esters are saponified at much the same rate: but 
the iso- isomer is saponified’ much more slowly than the n-isomer, The 
value of E for all isomeric esters is the same within experimental error, 

(d) The value of the steric factor, P, is much smaller for esters 
branched at the o-carbon atom than for the normal esters, and this is 
paralleled by the lower values of K for these branched chain esters. 


Discuss irT6ON. 


‘The independence of K of the initial concentration of either the ester 
er the alkali indicates that the reaction is a straight forward bimolecular 
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reaction taking place in accordance with the generally accepted mechanism 
. for alkaline hydrolysis of esters, 3 


O © O © 
RC +,OH === R’—-C¢ ——OH—> R''CO-0 + R'OH. 
OR OR 


It is assumed that the hydroxyl ion gets attached to the carboxyl carbon 
atom with the simultaneous transfer of the negative charge on to ite 
carbonyl oxygen and the transition complex so obtained then decomposes 
to give the reaction products. 


As the life of this transition complex is assumed to be short, the raze 
of reaction is determined by the rate of formation of this complex. Hence 
the decrease in the value of K on ascending the homologous series leads jo - 
the conclusion that as R and R’ increase in size, the formation of tke 
intermediate complex is retarded by some means. But as the value of 
Z does not vary appreciably with increasing length of carbon chain, this ‘ 
retardation may be due either to an increase in the energy of activaticn 
or to greater screening of the carboxyl group from the approach of tke 
hydroxyl ion due to spatial disposition of the substituents R and R’ or 
to both. 


Comparatively low values of P for the esters, branched at the ea-carbcn 
atcm: show that in these cases at least, it is the steric factor which is 
responsible for the low velocities of saponification. Evans and co-workers 
attribute this to the formation ofa hydrogen bond between the carbanyl 
oxygen and the 8-carbon atom of the alkyl chain (which does not influence 
E perceptibly) simultaneously with the approach of the negatjve hydraxyl 
ion. ‘This seems to be the most plausible explanation. The hydrogen 
bond leads to the completion of a five-membered ring and the formation 2f 
this ring naturally decreases the solid angle for the approach of hydroxy] 
ions to the carboxyl carbon, and thus decreases the rate of formation of 
the transition complex which determines K. . 


The formation of a similar ring structure in the butyric acid molectle 
(as has been suggested already by Smith and others) would offer an easy 
explanation of the observation that the difference between the values of K 
for methyl (or ethyl) propionate and methyl (or ethyl) butyrate is much 
larger than the difference between the values of K for methyl (or ethrl) 
acetate and methyl (or ethyl) propionate. : 

In the case of normal esters also the value of PZ changes fran 
ester to ester, but at the same time a progressive, though slight, increese 
in the value of E with increasing chain length isat once evident from the 
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results tabulated above. It may be argued that these variations may be 
only apparent and may be easily accounted for by slight experimental 
errors as in fact almost all the values of E lie within the range r10400+400 
cals. But it is somewhat remarkable that the increase is almost regular. 
This makes it desirable to take into account the variations in K from ester 
to ester. 

The general conclusion is that the length and structure of the carbon 
chain in alkyl esters may have an effect not only on the steric factor but 
also on the energy of activation. Inthe case of early members of normal 
alkyl esters, variation in K seems to be due not only toa change in the 
steric factor but also to a progressive increase in the energy of activation. 
But in the case of esters branched at the a-carbon atom, the steric factor 
seems to be predominant. Hinshelwood and Legard (J Chem. Soc., 1935, 
587, 1588) demonstrated that substitution in the o-position often caused an 
increase in the activation energy. While this was found to be the case for 
the ethyl ester of isovaleric acid (amongst those of some other acids) studied 
by Evans and coworkers, the present work, in fact, shows a decrease in 
the value of E for ethyl isovalerate. 


The author is indebted to the King Edward Memorial Society of the 
Central Provinces, Nagpur, for a research scholarship which enabled him 
to undertake this investigation, and to Dr. A. N. Kappanna of this College 
for suggesting the problem and for invaluabie help and guidance. 
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THE INTERACTION BETWEEN POTASSIUM META- 
PERIODATE AND THE SOLUBLE SALTS OF 
METALS OF ALKALINE EARTHS. 


By R. K. Baur, AND MANOHAR LAL. 


On boiling a solution of potassium metaperiodate, KIQ,, with the soluble salts of tre 
alkaline earths, the corresponding dimesoperiodates in hydrated form. are precipitazel. 
These are octahydrated calcium dimesoperiodate, CagIyQ9, 8H20, octahydrated strontiu-1 
dimesoperiodate, SrlgO3, 8H,O and tetrahydrated barium dimesoperiodate, Bagl:Cg, 
4H,0. 


Bahl and Singh (J. Indian Chem. Soc., 1939, 16, 375) obtained tke 
mesoperiodates of the rare earths by boiling disodium paraperiodaze 
Na.H,IO, with an excess of soluble salts of the corresponding rare eartks. 
Partington and Bahl (J. Chem. Soc., 1934, 1771) studied the reaction of tie 
same sodium salt with the soluble salts of the metals of the alkaline eartks. 
Their results show that no definite strontium compound is formed, while 
calcium yields tetrahydrated calcium dimesoperiodate, Ca.J,0,, 4H.O0, and 
the barium salt 2°3Ba0°I,0,, 3H,0. 


In the present work the interaction between potassium metaperioda:e, 
KIO, (obtained by passing chlorine gas through a boiling solution of potas- 
sium hydroxide in the presence of iodine) and an excess of the soluble sé¢lts 
of the alkaline earth, has been investigated. It isfound that calcium, 
strontium and barium form octahydrated calcium dimesoperiodate, CazT.",, 
8H,0O, octahydrated strontium dimesoperiodate, Sr.J,0,, 8H.,O, and tetra- 
hydrated barium dimesoperiodate, Ba.I,O,, 4H.O respectively. 


ExPERIMENTAL, 


A hot solution of potassium metaperiocdate, KIO,, was added to a koil- 
ing solution of the chlorides of the corresponding alkaline earth. A waite 
precipitate was formed in each case. For the precipitate of strontium salt 
prolonged heating was found necessary. ‘The precipitates were filte-ed, 
washed, dried in an electric air oven at 40° and then analysed. 


Alkaline earth was determined as the corresponding sulphate. Iodine 


and the available oxygen were estimated by the methods adopted by 
Partington and Bahl (loc. cit.). 


396 
Sample 
Found. 

I. 12°20% 
2. 12-40 
3. 12°20 
Xs 25°09 
2. 24:80 
3. 24°84 
I. 36°22 
2. 36°40 
3: 3624 
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Analytical Results. 


Calewuim salt, CaglgO9, 8H,O. 


Calcium.* Iodine. 
Cale. Found. Calc. 
12°88% 4u-11% 40°90% - 
41°Ir 
41-20 


Strontium salt, SryleOg, 8H;30. 
24°43 _ 34°89 35°40 
35°00 
35°54 
Barium salt, Bagl,O9, 4H,0. 
37°88 34°90 34°10 
34°65 
34°70 


Available oxygen. 
Found. Calc. 
17°86% 18-03% 
17°90 
17°93 
I5"50 15:60 
1550 
15°50 
15°20 15°30 
1520 
15:20 


From the above it appears that it is not necessary that the same kind of 
periodate should be formed by double decomposition. Thus potassium 
metaperiodate, KIO,, and disodium paraperiodate, Na,H;IO,, on boiling 
with the soluble salts of alkaline earth do not form the corresponding 
periodates Qut they yield dimesoperiodates. 
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THE ACTION OF CHLORINE ON THE HYDROXIDES OF 
ALKALINE EARTHS IN THE PRESENCE OF 
*  IODINE> PART IL. 


By R. K. Baur, anp Surjrt SINGH. 


By passing chlorine throngh hot solutions of iodine in the hydroxides of the alkaline 
earth the corresponding iodates in hydrated form are precipitated in each case. There 
is no formation of periodate by the above method. 


It has been found that on passing chlorine through a boiling solutior 
of iodine in the hydroxides of alkali metals, e.g., lithium, sodium anc 
potassium, the corresponding periodates are formed (J. Indian Chem. Soc., 
1940, 17, 167). “This reaction has been studied in the case of the hydroxides 
of the alkaline earths, which have been found to yield the corresponding 
iodates and not the periodates. The hydroxides of calcium, barium and 
strontium yielded hexahydrated calcium iodate, Ca(1O;)., 6H.O and 
monohydrated barium iodate, Ba(IOs3).,H,O respectively. They are all 
white crystalline powders, 


ExPERIMENTAL 


Iodine was dissolved in a solution of the respective hydroxides (calcium 
hydroxide being very sparingly soluble, was taken in the form of a sus- 
pension) and heated to boiling. A white precipitate was formed in the 
case of barium hydroxide, a lesser amount in case of calciuin hydroxice 
and only a milkiness appeared with strontium hydroxide. A brisk current 
of chlorine was then passed through the respective hot solutions of iodire’ 
in the hydroxides. ‘There was an immediate liberation of iodine from 
calcium hydroxide and barium hydroxide solutions with a noticeable increase 
in the amount of the precipitate. In the case of strontium hydroxide there 
was a separation of a white precipitate followed by tHe liberation of free 
iodine. From this it appears that only a very slight amount of iodate is 
formed before the passage of chlorine through the solution. Chlorine takes 
an active part in the precipitation of strontium iodate. 

In all cases most of the iodine escaped in the form of vapours ard 
on passing more of the chlorine the solution became clear, leaving a white 
precipitate. It was filtered, washed and dried at 40° in the electric air oven 
and analysed. 

Alkaline earth was determined as the corresponding sulphate. Iodine 
was estimated by the method given by Scott (“‘Standard Method of Chemical 
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Analyses’, 1926, Vol. I, p. 244) and oxygen by Partington and Bahl’s 
method (J. Chem. Soc., 1934, 1088). 

TABLE I. 


Calcium salt. 


Sample. Calcium, Iodine. Available oxygen. 
I 8'257% 50°928% 16°135% 
2 8°154 51341 16°762 
3 8°593 50°863 16°463 


These results agree with the formula Ca(IO;),, 6H,0, for which the 
calculated value of calcium and iodine are 8'030 and 51°004% respectively. 
According to 2Ca(IO;3)2, 6H,0=2CaO+2I1,+50,+12H,0 available oxygen 
is 16°065%. 

This salt was also prepared by Millon (Ann. chim. phys., 1843, 9, 413) 
who obtained it by crystallising a mixture of a solution of calcium nitrate 
or chloride with iodic acid. 

Tasre I. 


Strontium salt. 


Sample. Strontium. Iodine. Available oxygen. 
I 19°086% 56°087% 17°187% 
2 19'007 56°243 17°78 
3 19°434 56°893 17'096 


These values correspond with the formula of monohydrated strontium 
iodate, Sr (IO3)2, H.O, the calculated values of strontium and iodine being 
19'236 and 55'°756% respectively. ‘The available oxygen according to the 
decomposition 2Sr (103)2, H,O=2SrO + 21, + 502+ 2H,.0 is 17°560%. 

This salt was also obtained by Rammelsberg (Mellor, ““A Comprehens ive 
Treatise in Inorganic and Theoretical Chemistry’, 1922, Vol. J, p. 348) 
by mixing together hot solutions of strontium chloride and sodium iodate. 


Taste III. 
Barium salt. 
Sample. Barium. Todine. Available oxygen. 
x 27 661% 52°040% 167201 % 
2 27°412 52°395 16°34 


3 ‘ 27°468 51°873 16°062 
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The values correspond with the formula Ba (IO;'., H.O, the calculated 
values of barium and 1odine being 27182 and 52°043% respectively. ‘The 
available oxygen according to the equation 2Ba(IO;s)2, HAO=2BaO0+I,+50, 
+ 2H,0 is 15°830%. 

Gay Twussac (cf*Mellor, loc. cit.) obtained the monohydrated barium 
iodate, Ba (IO;),, H.O by merely dissolving iodine in baryta water. From 
this it is evident that chlorine has no further action on this solution. 
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SYNTHESIS OF LOCAL ANAESTHETICS. PART IV. 


By K. N. Gann, JNANENDRA Nato Ray anp Jayant N. Yagnik. 


Some piperidino- and diethylamino-acetyl and propiony] amines have been prepared 
and their local anaesthetic properties studied. 

Percaine, the hydrochloride of 8-diethylaminoethylamide of 2-butoxy- 
quinoline-4-carboxylic acid has potent local anaesthetic activity (cf. Jones, 
“Anaesthesia and Analgesia ’’, 1930, 2 218; Keyes and Mclellan J. Amer. 
Med. Assoc., 1931, 96, 2086, Rosenstein, Deutsch. Med. Wochenschr., 
1929, 85, 2010, etc.). All these workers have found percaine to be one hundred 
times more effective on rabbit’s cornea. Hoffer (Klin. Woch., 1929, 8, 1249) 
finds that this drug is twelve times more effective than cocaine clinically. 
It is also stated to be twenty and ten times more powerful than novocaine 
and tutocaine respectively. It possesses a further advantage in that its 
solutions may be sterilised by boiling without loss of activity. On the 
other hand, it has a fairly high degree of toxicity (Freund, Klin. Woch. 
“i929, 8, 1444). 

Apart from the clinical advantages of this drug there is a theoretical 
interest in that it has typical ester grouping in the molecule replaced by 
an amide grouping. It appeared of interest to us to synthesise simple amides 
and see if any local anaesthetic properties develop in such compounds. Nirva- 
nine (4-dimethylaminoacetyl-2-carbomethoxy-phenol) is a local anaesthetic 
belonging to the amide class but the typical ester grouping of cocaine is 
present in the molecule. 

We decided to synthesise simple amides of the general formula (I). 


ft 
R{__>-NH'CO(CH,)n'N 
? Me 
2 
: ; (D) 

The substances where R=OMe, OEt etc., n=1 or 2, R,=R,=Et 
or NR,R. replaced by piperidino, have been prepared and some compounds 
have been found to have some local anaesthetic action as determined by 
the rabbits’ cornea method. ‘The position of R in the nucleus with respect 
to the side-chain has also been varied and the results obtained have been 
recorded in the experimental sequel. 


EXPERIMENTAL, 


w-Piperidinoacetyl-o-phenetidine (I, R=OEt in ortho position, Ri, Re 
replaced by piperidine and, n=1).—To w-chloroacetyl-o-phenetidine (m.p. 





t i ‘ 
SYNTHESIS OF LOCAL ANAESTHETICS 401 


64°, cf. J. Amer. Chem. Soc., 1919, 44, 1452) (2g-) dissolved in dry 
benzene was added piperidine (2c.c.) and the mixture refluxed for 4-© 
hours on the steam-bath. After the precipitated solids were collected 
the solvent was removed from the filtrate and the residual oil solidifiec 
on cooling. After * washing with water, it was crystallised from hoz 
dilute alcohol, m.p. 98°. (Found: N, 10°45. CysH2202N2 requires N, 
to-6x per cent). The hydrochloride, prepared with ethereal hydrogen 
chloride in dry ether solution, crystallised from a mixture of acetone and 
ether, m.p. 158°. 

w-Diethylaminoacetyl-o-phenetidine, prepared in an analogous manner 
with diethylamine in place of piperidine, was obtained as an oi 
which was converted into the hydrochloride which was then crystallised 
from a mixture of acetone and ether, m.p. 118°. (Found: N, 9-39; €, 
12°5. C,,H220.N.2,HCl requires N, 9°7 ; Cl, 12°3 per cent), 

8-Chloropropionyl-o-phenetidine.—To a cooled solution of o-phenetidine 
(5 g.) in glacial acetic acid (20 c.c.) mixed with a saturated solution of sodium 
acetate in water (20 c.c.), was added @-chloropropiony] chioride (46 g.). After 
standing for some time in the ice-bath, the mixture was poured into a large 
volume of water and the precipitate collected and crystallised from alcohol, 
m.p. 77°. (Found: N, 6°29. C,,H,,0,NCI requires N, 6°15 per cent). 

8-Piperidinopropionyl-o-phenetidine (I, R=OEt in ortho position, n=2, 
NR,R. replaced by piperidine) was prepared from the foregoing compourd 
in benzene solution by the method described before with a benzerie soluticn 
of piperidine. The product was an oil; hence it was converted inte the 
hydrochloride in the usual way and the hydrochioride crystallised from a 
mixture of acetone and ether, m.p. 102°. (Found: N, 8-7. Cy.H,0.N.2, HCl 


requires N, 8-9 per cent). 

The related @-diethylaminopropionyl-o-phenetidine hydrochlorice, 
prepared in an analogous way with diethylamine, had m.p. 126° after 
crystallisation from acetone and dry benzene. ,(Found: WN, o-€2. 
CysH2,O2N2, HCl requires N, 9°33 per cent). 

The hydrochloride of w-piperidinoacetyl-m-phenetidine, prepared as 
described before, had m.p. 159°. (Found: .N, 8-96. CysH220.2N.,HC1 
requires N, 9-03 per cent). 

w-Diethylaminoacetyl -m-phenetidine hydrochlovide had m.p. 180° after 
crystallisation from alcohol and acetone. (Found: N, 9:74. Calc. N, 
ro’2 per cent). 

B-Chloropropionyl - m - phenetidine had m.p. 80-81°. B=Piperidino- 
propionyl-m-phenetidine hydrochloride, prepared in the usual way, had ir.p. 


6 
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° 


244°. (Found: N, ro9. Calc. N, 10-7 per cent.) and £-diethylamino- 
propionyl-m-phenetidine hydrochloride was an undistillable liquid. 

o-Piperidinoacetyl-p-phenetidine, prepared similarly to the related ortho 
compound, had m.p. 67° after crystallisation from petroleum ether. (Found : 
N, 10°7. Calc. N, 10-8 per cent). 

w-Diethylaminoacetylphenetidine hydrochloride had m.p. 154° after 
crystallisation from acetone and ether. (Found: N, 9°78. Calc. N, 9°77 
per cent), E 

B-Chloropropionyl - p - phenetidine had m.p. 123° after crystallisation 
from alcohol. (Found: N, 6-4. Calc. N, 6-2 percent). £-Piperidino- 
propionyl -p- phenetidine had m.p. 96° after crystallisation from petroleum 
ether. (Found: N, 1o-r6. Calc. N, 10-15 per cent). ‘The hydrochloride 
had m.p. 199° after crystallisation from acetone-ether mixture. 

The compounds enumerated in Table I were prepared in an analogous 
manner. 
" Tas.E I. 

Nitrogen 


1. Hydrochloride of 8-diethylaminopropionyl- 

p-phenetidine (ex-acetone-dry ether) 119° 9°34% 9°31% 
2. Hydrochloride of _ 8-piperidinoacetyl- 

o-anisidine (ex-a mixture of acetone and 


benzene) 304° 9°84 9 84 
3. Hydrochloride of diethylaminoacetyl -0- 

anisidine (ex-benzene) 171° 14"52 15°0 
4. Hydrochloride of §-piperidinopropionyl- 

o-anisidine (ex-acetone-ether) 184° 9°84 97 
5. Picrate of A-diethylaminopropionyl- 

o-aniSidine (ex-benzene) : 173° 14°74 14°82 
6 Hydrochloride of &-N-piperidinoacetyl- 

m-anisidine (ex-acetcne) 154° 9°84 9°96 
7. Hydrochloride of diethylaminoacetyl- 

m-anisidine (ex-acetone) 144° 10°26 10°27 
8 Chloropropionyl-m-anisidine (ex-petroleum 

ether) e 92° 6'94_ 6°54. 
g. Hydrochloride of 8-N-piperidinopropionyl- 

m-anisidine (ex-acetone) 194° 9:04 g°3t 
ro. Hydrochloride of diethylaminopropionyl- 

m-anisidine (ex-benzene) . _ 128° 14°66 14°61 
az. Hydrochloride of _— -N-piperidinoacetyl- 

p-anisidine (ex-acetone) 160° 9°54 9°84 
12. Hydrochloride of w-diethylamino-p-anisidine- 

(ex-alcohol-ether) 190° 10°07 10°29 
13. §&-Chloropropionyl-p-anisidine (ex-alcohol) 124° 67 6°6 
14. §-Piperidinopropiony!l-p-anisidine (ex-petro- 

jeum ether) 104° 10°5 wd 


1s. Picrate of 8-diethyiaminopropionyl -p-anisi- 
dine (ex-methyl alcohol) 123° 14°82 14°9 


s 
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‘The substances described in Table II were tested for their local anaes- 
thetic eficiency on rabbits’ cornea. Each substance was used in 2% solution 
and was compared with cocaine hydrochloride solution of the same strength. 
These results are the averages of ten experiments with each drug. 


Tasie IT, 


(Values for coraine hydrochloride are in parenthesis) 


Time for onset of anae- 
sthesia, complete loss 
of reflex action. 


1. Hydrochloride of «-piperidinoacetyl- 


o-phenetidine 1 min. (x) 

2. Feydrochloride of diethylaminoacetyl- 1 (14) 
o-phenetidine. 

3. KEéydrochloride of f-piperidinopro- 5 (1) 
pionyl-o-phenetidine 

4. Ffydrochloride — of " p-diethylamino- I (x) 


propionyl]-o-phenetidine 


5. Eydrochloride of w-piperidinoacetyl- (1) 
m-phenetidine . 
6. Eydrochloride of diethylaminoacetyl- x (13) 


m-phenetidine 


», Eydrochloride of A-piperidinopro- 1 (x) 
piony] +-phenetidine 


8. Eydrochloride of A-diethylamino- = 1 (14) 
propiony]-m-phenetidine 3 


g. LEydrochloride of »-piperidinoacetyl- 


p-phenetidine r (2) 
zo. Eydrochloride of «-diethylamino- 
acety]-p-phenetidine 1 (x), 
I Eydrochloride of &-piperidinopro: (x) 
pionyl-p-phenetidine 
x2, Eydrochloride of 8-diethylamino- Never complete 
propiony1-p-phenetidine (x) 
13. Hydrochloride of o-piperidinoacetyl- x min. (x4) 
o-anisidine. 


14. Mydrcochloride of diethylaminoacetyl- - 
o-anisidine I (x) 
1s. Hydrochloride of A-piperidinopro- Never complete 
piony]-o-anisidine (1) 


Duration for which 
complete loss of reflex 
action lasted. 


28 min. (37) 


3% 4 (36) 


Partial anaesthesie 
lasting for 19 min. 
(36) 


Partial anaesthesie. 
lasting for 16 mins 


(36) 
48min, (35) 
37) os (36) 


Incomplete anaée 
thesia lasting for 3c 
min. (36) * 
Incomplete anaes 
thesia*lasting for 25 
min, (36) 


28min. (36) 


20 55 (35) 
Incomplete anaes. 
thesia lasting for 13 
min, (36) 


Incomplete anaes 
thesia (35) 


24 minutes (35) 


5 » (36) 


Incomplete anae=- 
thesia (35) 
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Taste IT (contd.). 


Duration for which 
complete loss of reflex 
action lasted. 


Time for onset of anae- 
sthesia, complete loss 
of reflex action. 


16. Hydrochloride of §-diethylaminopro- Never complete (r) Never complete 
pionyl-o-anisidine (37) 

17. Hydrochloride of w-piperidinoacetyl- 5 min. (4) 30 minutes (35) 
ni-anisidine 

18. Hydrochloride of diethylamino- 10 55 (x) 24 ~~, ~—«(35) 


acetyl -m-anisidine 


19. Hydrochloride of 8-piperidinopro- Never complete (x) Never complete 
pionyl-m-anisidine (36) 


20. Hydrochloride of 8-diethylamino- Never complete (1) Never complete 
propiony]-m-anisidine (37) 
21. Hydrochloride of -piperidinoacetyl- (36) 


‘hlor 17 min. 
p-anisidine 


9 min. (x) 


Never complete 


22. Hydrochloride of diethylaminoacetyl- 


p-anisidine 


Never complete (z) 


(36) 


23. Hydrochloride of §&-piperidinopro- i “5 
pionyl-p-anisidine 
24, Hydrochloride of 8-diethylamino- bs 3 


propionyl-p-anisidine 


From the above it would seem that the substances in the meta series 
have pronounced local anaesthetic action, the maximum effect being noticed 
in No. 5, whilst in the phenetidine series the compound No. 9 shows quite 
appreciable local anaesthetic activity. In both the compounds the side-chain 
has the pipgridinoacety] residue. : 


Further work is in progress. One of us (K.N.G.) is indebted to the 
Lady Tata Memorial Trust for a maintenance grant. 
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AN INVESTIGATION ON THE SOIL AND PEAT HUMIC 
ACIDS. PART Il. OXIDATION WITH HYDROGEN 
PEROXIDE, HOT ALKALI AND CHLORINE 

¢ DIOXIDE SOLUTION. 


By G. C. Ese ann S. S. Guwa-SIrcar. 


A humic acid from peat and another from an Assam tea soil were oxidised by 
various strengths of HO, both as pure acid and as the Ca salt. They were also subjectac 
to a method of degradation similar to that used by Freudenberg in connection wit 
lignin. Products of the same nature were isolated. The acids were also oxidised br 
ClO, and oxalic and butyric acids detected in the products. 


Kénig (Landow. jahrb., 1920, 55, 185), Robinson (J. Agric 
Res., 1927, 84, 339), Springer (Z. Pflanz. Dung. Bod., 1928, At4 
313), Waksman (Soil Sci., 1930, 80, 97) and others have treated soils with 
varying concentrations of hydrogen peroxide to determine the humms 
content as they believed that the organic portion of the soil was more or less 
completely oxidised by this reagent to carbon dioxide and water. Kénig 
found besides carbon dioxide, acetic and formic acids in the solution. 
Wheeler (J. Soc. Chem. Ind., 1927, 5, 849) also concluded that certain 
aliphatic carboxylic acids, especially oxalic and succinic, as weil as aromati= 
polycarboxy acids may be formed during this reaction. Attempts hev2 
been made in the present investigation to ascertain the nature of the 
intermediary substances, if any, formed in the oxidation of humic acid by 
hydrogen peroxide. 


ExPRIMENTAL. 


About 0'5 g. of commercial peat humic acid was dissolved in 20¢.¢. 
of 3%caustic soda solution and hydrogen peroxide solution (soc. c., 15%) 
was added at the ordinary temperature dropwise from a dropping funnel 
with constant stirring. Vigorous frothing accompanied the reaction. The 
reaction was allowed to proceed overnight. Next.e day the excess’ of 
hydrogen peroxide was decomposed by heating on the water-bath. The 
‘solution was then made just acid by means of hydrochloric acid and tke 
precipitate filtered off. This precipitate was washed and analysed after 
conversion into barium salt. The filtrate was extracted with ethyl acetaze 
thrice and the solvent evaporated. The acid mother-liquor left aftar 
removal of aceticacid in vacuo over caustic potash, was converted in-o 
a barium salt from which barium was estimated. ‘The ethyl acetate extract 
on evaporation in vacuo gavea brownish red, gummy substance. It hed 
a perceptible characteristic odour, like that of pyruvic acid. It gave 
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an instantaneous frothing in contact with a solution of sodium bicarbonate 
and with ferric chloride gave a violet colouration indicating its 
phenolic character. It also reduced an ammoniacal silver nitrate 
solution when heated. It also formed well defined insoluble salts of 
copper, lead and silver. Barium and calcium salts, were formed only 
when the solutions were heated and kept for some time. 

Attempts were made to frdctionate thé ethyl acetate extract. 
The substance is insoluble in benzene, but the major part dissolves 
in ether, giving a brownish solution and leaving a greyish white 
powdery substance. The ether-soluble portion was found to be more acidic, 
The two portions were separately analysed for carbon, nitrogen etc, The 
ether-soluble portion gave all the tests previously described more 
prominently. No nitrogen was found in this portion (Found: C, 44°58; 
H, 56 percent). The substance was found to be extremely hygroscopic... 
The ether-insoluble portion was of a greyish white colour and was not so 
hygroscopic as the soluble fraction. This also gave all the previous tests. 
The amount was too smali for analysis. ‘The exact nature of these acids 
could not be cleared up. Moreover, a trace of a gummy brown substance 
associated with the acid could not be successfully removed. ‘That they were 
phenolic or aldehydic carboxylic acids was indicated by their properties. 
The first fraction that separated out after treating the oxidised 
solution with hydrochloric acid was dissolved in ammonia and sufficient 
barium chloride added. The precipitated barium salt was filtered, 
completely washed, dried at 105° and analysed for barium. The ethyl 
acetate extract and the mother-liquor were analysed in the same way. 


In other experiments, hydrogen peroxide of different amounts were 
used. In one case, the oxidised humic acid was re-oxidised with the same 
agent to see whether a further degradation was possible. The Ba salts in 
the various fractions were found to contain varied amount of barium in 
different preparations. Even a dilute solution of hydrogen peroxide can 
oxidise the humic gcid molecule, but the degree of oxidation varies with 
the concentration of hydrogen peroxide used, the temperature, the amount 
of alkali ptesent and the time given for the reaction. The optimum 
temperature was found to be 30-40°, the concentration of hydrogen peroxide 
to be 12-15% and that of the alkali 2-3%. With the increase in the 
amount of hydrogen peroxide added, the equivalent weight of the resulting 
products decreased as is seen from the increasing percentage of barium in 
their barium salts (vide Table I). It has been reported that the oxidation 
of humus is facilitated in the presence of lime. To test this view the 
following experiment was carried out. 
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Oxidation of the Ca salt of the Humic Acid by Hydrogen Peroxide. 


Humic acid (10 g.) was dissolved in ammonia and sufficient calcium 
chloride solution added. ‘The calcium humate formed was filtered off after 
complete washing with water, suspended in water without drying, and 
hydrogen peroxide was added very slowly drop by drop. ‘The reaction 
was very slow at the ordinary temperature. The temperature of the 
mixture was gradually raised to 75°. It was found that the most convenient 
temperature was 70-80°. After complete reaction, ?.e. when the 
effervescence ceased, the original calcium humate changed to a greyish white 
powder and this was separated from the greenish yellow filtrate by filtration 
and washing. The filtrate was found to be acidic. ‘The acid filtrate 
on treatment with ethyl acetate gave no appreciable extract. 

The white powdery mass left after oxidation of the grey calcium 
humate was dissolved in hydrochloric acid and the clear yellowish 
solution after filtration was extracted with ethyl acetate and the 
extract on evaporation gave a greyish white powder. This was 
sparingly soluble in water but dissolved in ammonia and gave a strong 
effervescence with a solution of sodium bicarbonate indicating its acid 
nature. It gave no appreciable colouration with ferric chloride. It was 
suspected that the acid residue was a mixture. When heated ina platinum 
foil a very small amount of ash was left. The ethyl acetate fraction on 
analysis gave C, 56°20; H, 6°4 per cent. 


TABLE I. 
Oxidation of calcium humate by H.Oz. ° 
Ca salt. 15% HyOxg. Cain the Equiv. 
oxidised salt. calc. from % Ca. 

5%: 75 CC. 15°S7% 109°45 

I 20 17°35 96°25 

2 50 17°79 ‘ 93°45 

x 30 22°62 69°9 
Taping IT. 


Equivalent wis. from the barium salts in the several extracts. 


x és ; Mother-liquor 

Humic 3% KOH soln. 15% HeOQe. Ethyl acetate 7 after ethyl 

acid. extract. 1st acid ppt. acetate 
extraction. 

5g. 80 c.c. 120 ¢.C. 116 116 103 

zt 40 30 116 104 96 

3 60 120 1IS§ 102 o3 


0°5 20 50 1X4 100 Q3 
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The soil humic acid was treated with hydrogen peroxide in the same 
way. The ethyl acetate extract. in this case also showed similar phenolic 
and acidic properties. 


Potash-fusion followed by Methylation and Perntanganate Oxidation.— 
By mild fusion with caustic potash followed by alkaline permanganate 
oxidation of lignin, Freudenberg and others (Ber., 1937, 70, 500) have 
isolated veratric, veratroylformic and isohemipinic acids and thus gave 
an insight into the molecular structure of lignin. ‘The aromatic character 
of lignin has been amply verified. ‘To test the correctness -of this lignin 
hypothesis of the origin of humic acid, the following treatment was 
carried out. The products identical with those obtained by Freudenberg 
from lignin have been isolated. 

Humic acid (zo g.). was suspended in water (40 c.c.) and caustic potash 
(90 g.) was added and the mixture was refluxed at 170°. In 4 hour the 
frothing started. All this time the flask was vigorously shaken. After 1} 
hours the mixture was cooled to 130° and poured into 200 c.c. of water result- 
ing in a dark brown solution. When the temperature came down to 60-70°, 
140 c.c. of dimethyl sulphate was added drop by drop and the mixture 
kept vigorously agitated till it became acid to congored. The methylated 
product that separated out, was filtered, washed with hot water thrice and 
dried at roo°. The filtrate was subjected to steam distillation, but no 
volatile organic acid wes precisely detected in the distillate. The yield 
of the methylated product was about 8'°5 g. This treatment with, 
alkali and methylation by dimethyl sulphate was repeated till the 
methylatien was supposed to be complete. The methylated acid was 
dissolved in acetone and poured -into a litre of water at the room 
temperature, when a fine brown precipitate was thrown down, through 
which air was passed at 95° to remove acetone. This process gave the 
methylated acid ina fine state of division. It was then cooled to 60° 
and the liquid was treated with finely powdered potassium permanganate 
in portions of 3 g. with vigorous stirring. The temperature was gradually 
allowed to rise on a water-bath to 95° and potassium permanganate 
was added. After 4-5 additions the solution was cooled, nearly neutralised 
with 3N-sulphuric acid. The temperature was again raised to 95° and 
about 40 g. of more potassium permanganate were added in portions 
of 3g. in the course of $ hour. The manganese dioxide was filtered 
off and washed with water, and dissolved in sulphurous acid. After 
filtering offa small black residue the filtrate was extracted thrice with 


ether, 
The slightly yellow alkaline filtrate from manganese dioxide was 
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just acidified to litmus with aN-sulphuric acid and extracted with ethe-. 
The ethereal solution was dried with sodium sulphate and evaporated. 
The residue left was a brownish gum and smelt like the lower fatty acids. 
This substance was fractionated further (X). The solution left after 
ether extraction was acidified to congo red, saturated with ammonium 
sulphate and then extracted with ethyl acetate Fine colourless needles 
separated out when the ethyl acetate extract was concentrated to a smail 
bulk and cooled to 0°. -The colourless crystals (A) separated on centrifuging 
and the extract was allowed to evaporate. The yellow-brown residre 
left was treated with hot benzene. This on cooling gave a white powder 
(B) which was separated by centrifuging and the cooled benzene solution o1 
evaporation, lefta gummy substance. The residue that was insoluble in 
hot benzene was dissolved in acetone and a slight fine white precipitate 
that appeared was separated by centrifuging (C). The mother-liquor after 
concentrating to a smaller bulk was treated with a few drops of acetonitrive 
and centrifuged when a white gummy substance separated out (D). 

Treatment of the Ether Extract(X).—The residue left after evaporating 
the ethereal solution was treated with hot benzene. The benzene extract 
on evaporation gavea greyish waxy substance with a peculiar odour winch 
was insoluble in water. This was meglected. The residue in- 
soluble in hot benzene was dissolved in acetone, concentrated to a small 
bulk and treated with a few drops of acetonitrile, when fine colouriess 
crystals appeared, which were separated by a centrifuge, and were dried in 
a vacuum desiccator. It is insoluble in water and when heated in a 
sealed tube it partly sublimes and partly decomposes at 250° characterist c 
of isohemipinic acid (m.p. 249°). . 

Treatment of Fraction ‘‘A’’ of the Ethyl Acelate Extract.—The needle- 
like crystals separating from the cold concentrated ethyl acetaze 
extract were again dissolved in hot benzene. The benzene solution cn 
concentration gave fine white crystals. ‘These crystals were insoluble in 
cold water but dissolved in sufficient hot water. On cooling fine crystals 
appeared which were centrifuged and dried in a vacuum deciccator, 
m.p. 178° (nixed m.p. with an authentic specimen of veratric acid). 

Treatment of the Fraction (B).—The white crystals from (B) obtained 
on cooling the hot benzene solution of the ethyl acetate extract were 
separated by a centrifuge. On recrystallisation from water whi-e 
crystals of veratric acid came out. The mother-liquor on treatment 
with charcoal and concentration gave a light yellow substance, m.p. 143°. 
This is possibly a mixture of veratric and veratroylformic acid. 

Treatment of the Fractions (C) and (D),—The white gummy subs- 
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tance obtained after centrifuging the acetone extract was dried in a vacuum 
desiccator. It was acidic and probably the high molecular acid 
described by Freudenberg. The clear reddish brown acetone mixture 
wag treated with freshly heated animal charcoal whereby the red colour 
slightly diminished. The solution after centrifuging was. treated 
with a few drops of acetonitrile, when a gum-like white substance 
separated. ‘This was acidic and might be impure isohemipinic acid. : 
Oxidation of the Soil Humic Acid.—-The process of potash-fusion, 
methylation and oxidation was repeated in case of soil humic acid also, 
but some difference was marked in this case. The alkaline solution after 
oxidation was found more yellowish. When this solution was acidified 
with 2N-sulphuric acid to congo red, a white amorphous mass separated out. 
This white mass (A) was filtered off. The acidified filtrate was first 
treated with ether. The ether extract (B) was faintly yellow. ‘This 
acidified mother liquor was then extracted with ethyl acetate thrice. 
Treatment of the portion (B).—The ether-extract was evaporated 
whereby a yellowish residue was obtained mixed with some white crystals. 
This was first extracted with hot benzene. The ether-extract was much 
greater in quantity than that in the case of peat humic acid. The benzene 
extract on evaporation gave a yellowish white residue which was dissolved 
in cold water. The clear greenish filtrate on slow evaporation in a 
vacuum desiccator gave a gummy substance which was soluble in water 
and on drying melted at 139°. This may be veratroylformic acid. The 
portion which was insoluble in cold water was dissolved in hot water and 
the hot solution on cooling gave white crystals of veratric acid (m.p. 178°), 
more of which was obtained on concentration of the mother-liquor in 
vacuum. The last fraction from the evaporated solution melted at 143°. 


Treatment of the portion (C).—The ethyl acetate fraction when ‘evapo- 
rated gave a reddish brown residue. Unlike the former case hot benzene 
couid extract nothing from the residue. ‘The acetone extract of the residue 
gavea gummy substance on concentration and precipitation with aceto. 
nitrile as before. : 


Treatment of the portion (A).—The white amorphous mass obtained 
after acidifying the alkaline filtrate to congo red from the oxidised humic 
acid was washed with water. This was also insoluble in benzene and 
ether but soluble in acetone. The acetone extract on evaporation gave 
a yellowish amorphous mass which was treated with sufficient hot water. 
The hot solution on cooling gave a white powdery substance which was 
washed with water and dried in a desiccator. This substance when heated 
in a sealed tube decomposed at 105° and was strongly acidic in nature, 
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Oxidation of Soil and Peat ” Humic Acids by Chlorine Dioxide 
Solution of different Concentrations.—Different lots of humic acils 
were treated with chlorine dioxide solution of different concentrations 
for different intervals of time. The best result was found when for 
Ig. of the acid 25 c.c. of 3% chlorine dioxide solution were 
used and the mixture kept for 24 hours -at the room temperature in 
the dark, 5g of humic acids being takenin each operation. After keeping 
the humic acid in chlorine dioxide solution for 24. hours the insoluble portion 
was filtered off, washed thoroughly and then dried at 80°. The colour of 
the residue was light brown. “Any increase either in the concentratian of 
the solution or in the time disrupts the acid more vigorously. ‘The filtrate 
was examined in the following manner :— 

(@)-A. portion was evapotated to dryness. The'dry contents ‘vere 
then. extracted with ether, ethyl acetate and water successively. Alithe 
extracts were strongly acidic. The amount of water extract was greatest of 
all. After neutralisation with ammonia calcium chloride solution was 
added and the insoluble white caicium salt was treated with dilute sulphuric 
acid, warmed and treated with permanganate solution. The colour rapilly 
disappeared indicating the presence of oxalic acid. ; 

; (b) Another portion of the filtrate was subjected to steam distillation. 

A peculiar odour like that of butyric acid came out from the distillate. 

(i) About 5c. c. of the distillate were mixed with hydrogen pero>ide 
solution (5 c. c.) and ferrous ammonium sulphate solution (1 ¢.c., 5 
g. of ferrous ammonium sulphateand ro c. c. of 40% sulphuric acid 
solution.). The mixture was heated at 70° for 5 minutes, treated 
with 6 to 7 drops of sodium hydroxide solution, coqed and filtered 
and 5c. c. of the filtrate were mixed with 3 drops of alkali 
solution and 3 drops of 5% sodium nitroprusside solution and 
a slight excess of acetic acid. A red colouration develcped 
showing the presence of butyric acid in the distillate. 

“i A portion of the steam-distillate was treated with a soluzion 
containing cupric chloride bihydrate in N-hydrochloric acid 
and shaken with chloroform. On standing a slight red colour 
developed in the chloroform layer. 

The above tests were confirmed by a biank experiment with fresh and +ery 

dilute butyric acid solution. 

Caemica, LABORATORY, . 
Dacca University, Raatns, Dacca. Received March 1, 1940 
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ESTIMATION OF CAROTENE IN GREEN VEGETABLES 
BY THE HILGER-SECTOR PHOTOMETER. 


By BuHupaL CHANDRA RAI-SIRCAR. 


Carotene content of some thirteen varietiea of green vegetables has been determined 
by the sector-photometric method. Pure §-carotene was taken as the standard. ‘The 
extraction was done according to a method more or Jess similar to the procedure followed 
by Smith, by Schertz and by Wiison, Das-Gupta and Ahmad. 


Various methods of colorimetrically estimating carotene in organic 
solvents are in use. Pyke (J. Soc. Chem. Ind., 1936, 58, 139%) has 
matched the colour in the Loviband tintometer. Guilbert (Ind. Eng. 
Chem., Anal. Ed., 1934, 6, 452) has matched the yellow colour against the 
the colour of a mixture of naphthol yellow and orange-G. Attempts bave 
been made to match the colour with solutions of bixin or with solutions of 
inorganic salts. All these methods, however, suffer from one great draw- 
back, the range of accttate comparison being limited within a comparative- 
ly narrow limit of concentration. ‘There is also the additional difficulty of 
the matching of the exact shade of colour when different comparison standards 
are used. Most of the above mentioned disadvantages are absent from the 
spectroscopic method which was employed by Gillam (Biochem. J., 

1935, 29, 1831) and De Undian J. Med. Res., 1935, 23, 505). 

The sector-photometric method was, therefore, adopted for the 
determination of carotene. Light from a condensed spark between two 
chromiuin elecfrodes (in preference to tungsten-steel electrodesas they 
{urntsh more lines in the region 4800-50004) passes through the solvent and 
the solution of a suitable concentration contained in two tubes of the same 
length. ‘The etnergent beam from the solvent is made to vary in intensity 
by varying the aperture of the rotating sector, whereas the light after 
absorption in the material under test passes through another 1otating sector 
of a fixed aperture. A series of photographs is taken on a single photo- 
graphic plate with the variable sector set to different apertures. Hach of 
these photographs consists of a pair of spectrum photographs in close juxta- 
position, one of which is of reduced density throughout its whole length, 
the other (which passed through the material) being more dense than the 
first in certain parts and less so in others, there being certain wave-lengths 
where the densities of the two are equal. ‘The places of equal density being 
spotted, the absorption curve for a particular concentration of the substance 
in that solution is obtained. One such curve is given in Fig. 1. For 
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avoiding any deterioration of carotene in petroleum ether by ultraviolet 
rays, a solution of quinine sulphate was used as a filter and placed 
immediately after the source. 

For measuring an, unknown concentration from its absorption curve, 
the following procedure was adopted. 

The absorption curves for a number of suitable conceritrations 
(‘oor5 mg., 0'0020 mg., 0°0025 mg., per c.c.) have been obtained. ‘The 
intensity of absorption for any wave-length, viz., 49004 is measured 
instead of measuring the maximum absorption at 4800 and 46008, 
The advantage of this method is that it avoids the finding out of the actual 
concentrations for which the maximum absorption is predominant. Next 
step is to plot another curve-the intensity of absorption or in other words 
log Ig/I (the density readings on the variable sector) for 49004 along the 
ordinate and the corresponding concentration along the abscissa, a straight 
line passing through the origin is obtained. This is called the ‘standard 
curve (Fig. 2). For measuring an unknown concentration from a knowledge 
of its absorption at 49008, the corresponding reading for the concentration 
is read from the standard curve. 
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ExPERIMENTAL. 


Methods of Complete Isolation and Purification of Carotene.—The 
washed green materials were cut into thin slices and dried on trays according 
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to’ the method of. Schertz. (Ind. Eng. Chem.,- 1938, 30, 1073). at 
45-50°; “As soon as the leaves became dry enough ‘to crumble easily, they. 
were .ground and sieved through a 60 mesh screen of non-corrosive 
metal coritaining no copper. The powder was itnmediately used’ for 
extraction. ine « SS SRS er chee shyt aes 

The powder (2-5 g.) was steeped in 200 c.c. of petroleum ~ ether 
(bip. 40°-70°)' for 24 hours,- according-to Smith (J:: Biol. Chem:, 1932; 
96,-35). “The extract was filtered under reduced pressure and the-résidue’ 
was ivashed several times with, petroleum ether until the washings -were 
colourless. , . roy 

‘The residue was again washed repeatedly with 85% acetone. (Holmes 
and Leicester, J. Amer. Chem. Soc:, 1932, 54, 716) until the extracts.became 
completely colourless. The combined extracts. containing . carotene, 
xatthophyll and chlorophyll were transferred to a separating funnel. 
Acetone was washed away by shaking repeatedly with distilled water. The 
ethereal solution was saponified with 29% alcoholic potash according “to the 
method of Willstatter and’ Mieg (Ann. Chem., 1907, 12, 355) modified by 
Sinith (loc. cit.). The contents were kept for 12 hours with occasional 
stirring. Chlorophyliines were removed by washing with water. In case 
the solution is not perfectly free from green colouration, saponification was 
repeated (Wilson, Das-Gupta and Ahmad, Indian J. Med. Res., 1937, 24, 807). 
Carotene was isolated from xanthophyll by shaking with 85%inethyl alcohol 
in accordance with the method of Willst&tter and Stoll modified by 
Schertz (loc. cit.). The petroleum ether solution was dried over 
anhydrous sodium suiphate and concentrated to a reduced volume 
by distilfation in vacuum. The solution was now ready for ‘ spectros- 
copic examination after suitable dilution. Incase immediate examina- 
‘tion was not possible, traces of extra pure hydroquinone were added to 
the solution and kept in an airtight bottle wrapped in black paper and 
preserved in a refrigerator. 


It might be mentioned here that De (Indian J. Med. Res., 1936, 28, 937) 
also determined the carotene content of various vegetables and fruits using a 
spectrograph coupled with a sector but he followed a different procedure. 
He determined the extinction coefficient of carotene at 46304 in petroleum 
ether or carbon disulphide before and after irradiation in a strong beam 
of ultraviolet light. Some of the numerical values obtained by him have 
been given in the accompanying table together with the values of the present 
author and those obtained by Ahmad and co-workers (Indian J. Med. Res., 
1937, 24, 801) who followed a tintometric method; though the agreement is 
not exact still the discrepancies become obvious when it is considered. 


ESTIMATION OF CAROTENE IN GREEN VEGETABLES 415 


that carotene content depends on the nature of soil, season, climatic 
condition etc. 


pp? SEW ed Tasie I. 5 = SS 
~ . Carotene content. , 
Vegetables. : Total carotene in (o'001 mg.) per 100 g. material 
Rai-Sircar. De. Wilson and co- 
workers. 
Halancha (Enhydra fiuctuans) _ 2666 
Radish leaves (Raphanas sativus). 6666 7200-8600 
. Lal data (Amaranthus gangeticus). — - mae 2520 : 
Lal sak (Amaranthus bhitum) 6875 6750 
Red puin (Basella rubra). 2I00.——- 3200-65C0 
Kalmi sik (Ipomoea reptans) : . 3600 5200-5500 
Pampkin leaves (Cucu? bita Pepo) 6250 | : ’ 5750-7200 
Betel leaves (Piper betel) (very young). 700 
Do (mature). 8000 7200 12000 
Lettuce (Lactuca sativa). 2116 2060 1500-1940 
Palang sak (Beta vulgaris) 2935 2630 
Cabbage (Brassica oleracea) 
(Inner white leaves). 833 goo 
Do (outer green leaves). 2500 ; 2380 
Carrot (Daucus carota) 2082 2000 2000-56¢0 
Coriander (Coriandrum sativum). 13833 12630 : 
Dheki sak (Diplaznim esculentum). 3450 


The author finds great pleasure in acknowledging his indebtedness to 
Prof. S. N. Bose for his constant ‘guidance and various facilities and to 
Dr. J. C. Ghosh for his kind interest in this work. 
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REACTIVITY OF CHCI‘CCl,-GROUP ATTACHED TO AN 
AROMATIC NUCLEUS. 


By HAYAWADAN VAMANRAO DHARWARKAR AND RUPCHAND Li©ARAM 
ALIMCHANDANI. 


a-Chloro derivatives of the condensation products of chloral with hydroxy- and 
methoxybenzoic acids have been prepared by an improved method and the reactivity 
of the a-chiorine atom towards potassium iodide, potassium cyanide, ammonia and 
fniline have been investigated and it is found that the methoxy group in the nucleus 
| bas an inhibiting influence on the a-chlorine atom. 


Compounds containing the group CHCICCi,; have been obtained 
by a number of investigators in the course of their study of the conden- 
sation products of chloral with phenols and hydroxybenzoic acids 

- (Chattaway and Calvet, J. Chem. Soc., 1928, 2914 ; Shah and Alimchandani, 
J. Indian Chem. Soc., 1929, 6, 253; 1931, 8, 261; Hurry and Meldrum, 
ibid., 1934, 14, 535). Asvery little work has been done so far regarding 
the behaviour of the CHCI‘CCl, group, an attempt has been made by 
the present authors to study the reactivity of this group in general and of 
the a-chlorine atom in particular. 

The tetrachloro compound, R°‘CHCICCI;, is usually derived from 
the chloral condensation product containing CHOH-CCl, group by (a) 
saturating the sulphuric acid solution of the substance with dry hydro- 
chloric aci@ gas (cf. Chattaway and Calvet, loc. cit.), (b) treatment with 
hot concentrated sulphuric acid (cf. Shah and Alimchandani, Joc. cit.), and (c) 
the interaction of thionyl chloride or phosphorus pentachloride (cf. Feist, 
Nissen and Stadler, Ber., 1914, 47, 1173; Hurry and Meldrum, loc. cit.). 
In the present investigation, however, it has been found that the yield 
and purity of the product can be considerably increased by producing 
hydrochloric acid gas wm situ by adding sodium chloride to the sulphuric 
acid solution of the substance. 

Employing the above method, 2-hydroxy-5-0888-tetrachlorocthyl- 
benzoic acid (I) and 4-hydroxy-5-o86f-tetrachloroethylbenzoic acid (ID) 
have been prepared from salicylic and p-hydroxybenzoic acids respectively 
in addition to the corresponding methoxy compounds (III) and (IV) already 
obtained from methoxysalicylic acid (Hurry and Meldrum, lec. cit.; Shah 
and Alimchandani, J. Indian Chem. Soc., 1936, 18, 476), and from anisic 
acid (Chattaway and Calvet, loc. cit.) respectively. But attempts to obtain 
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similar compounds from m-hydroxy- and m-methoxybenzoic acids fciled 
owing to the formation of the phthalide ring (Fritsch, Annalen, 1897, 26, 
344). 

Each of the above tetrachloro compounds, R:‘CHCICCl,, can be 
reduced to R-CH: CCl, by means of zinc dust and acetic acid. Tnese 
will be described in a subsequent paper. 


A solution of potassium iodide in acetone or alcohol easily removes 
the e- and £-chlorine atom from the hydroxy compounds yielding ethylene 
derivatives identical with the above-mentioned reduction products (cf. 
Van Duin, Rec. trav. Chim., 1926, 48, 345; Dillong and co-workers, J. 
Amer. Chem. Soc., 1930, 52, 1953); thus (I) and (II) give 2-hydrexy-, 
and 4-hydroxy-5-88-dichlorovinylbenzoic acids respectively. The methoxy 
compounds (III) and (IV), however, are unaffected. The compounii (J) 
on interaction with ammonia and aniline gives 2-hydroxy-5-e-amino-86f- 
trichloroethylbenzoic acid and 2-hydroxy-5-o-anilino-886-trichloroe-hyl- 
benzoic acid respectively. The action of potassium cyanide is interesting. 
The replacement of a-chlorine atom by the CN group is accompanied by the 
elimination of a molecule of HCl as well during the reaction thus giving 
2-hydroxy-5-e-cyano-88-dichlorovinylbenzoic acid ( V ), R*C(CN):CCl,. 

The hydrolysis of CN group to COOH by means of concentmted 
hydrochloric or sulphuric acid could not be accomplished. Alkali, however, 
easily hydrolyses the side-chain giving 4-hydroxy-5-carboxyphenylacetic 
acid. 

It is significant that the hydroxy compounds (I) and (II) are very 
unstable even towards cold dilute alkali, but no definite product could 
be isolated. ‘The methoxy compounds (III) and (IV), on the cther 
hand, are sufficiently stable to cold dilute alkali. Treatment with 
hot aqueous alkali, however, eliminates a molecule of hydrochloric acid 
furnishing 4-, and 2-methoxy-s-carboxy-1-266- trichlorostyrene ee -vely 
(cf. Shah and Alimchandani, loc. cit.) 


Similarly it is interesting to note that (III) and (IV) do not react with 
potassium cyanide, potassium iodide, amtionia and aniline [contrast the 
behaviour of the corresponding hydroxy compounds (I) and (1D).] 


The authors believe that the inactivity of the e-chlorine atom of the 
methoxy derivatives is due to the OMe group which causes a arge 
diminution in the ionising tendency of the a-chlorine by a supply of elec- 
trons and as a result the halogen atom becomes resistant towards an.onic 
attack like ammonia, aniline, potassium iodide and potassium cyanide (cf. 
Baddeley and Bennet, J. Chem. Soc., 1933, 265). 
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‘ EXPERIMENTAL. 
t 


a-Hydroxy-5- aB88f-tetrachloroethylbenzoic Acid (I).—Chloral hydrate 
(40 g.) and salicylic acid (28 g.) were dissolved in concentrated sulphuric 
acid (g00 c.c.) in a pressure bottle and sodium chloride (12 g.) was quickly 
added, and the bottle was kept sealed with paraffin for 2 days. ‘The 
reaction mixture was then poured into ice when a pasty mass separated 
which solidified on washing with water. It was first crystallised from 
glacial acetic acid and then from carbon tetrachloride in shining rhombic 
plates, m.p. 182-83°, yield 25 g.’ The compound decomposes in presence 
of alkali and gives violet colouration with ferric chloride. (Found: Cl, 
46°71. C,H,O;Cl, requires Cl, 46-69 per cent). 

The compound was also obtained by dissolving 2-hydroxy- 5-0 hydroxy- 
BBB-trichloroethylbenzoic acid (5 g. Calvet and Mejuto, J. Chem. Soc., 
1936, 554) in concentrated sulphuric acid (50 c.c.) and saturating the 
solution with dry hydrochloric acid gas. 

The acetyl derivative was crystallised from chloroform in thin plates, 
m.p. 146-47°. (Found: Cl, 41°44. Ci,H,0.Cl, requires Cl, 41°0 per cent). 

The anilide was crystallised from chloroform in yellowish silky ueedles, 
7s m.p. 201-2°. (Found: Cl, 37°36. CysH1,02NCl, requires Cl, 37-41 percent). 

: The p-toluidide crystallised from a mixture of chloroform and petroleum 
benzine in thin leaflets, m.p. 178—79°. (Found: Cl, 36-12; CisH,,0.NCI, 
requires Cl, 36°07 per cent). 


2-Hydroxy-5- a-amino-BBB-trichloroethylbenzoic Acid.—The tetrachloro 
compound (I, 5g.) was dissolved in rectified spirit (50 c.c.) and liquor 
ammonia (dog) was added till there was a distinct smell of ammonia and 
shaken well for 2 hours. After 5 days the excess of ammonia was removed 
under reduced pressure in a vacuum desiccator. The solution was diluted 
with about 20 c.c. of water, evaporated on a water-bath to a small bulk and 
acidified with dilute hydrochloric acid when a tarry oil separated. After 
the removal of the tar the solution slowly deposited a crystalline product 
“ which crystallised from rectified spirit in needles, m.p. 212° with previous 
- charring at 183—84°. It dissolves in sodium hydroxide with purple 
* colouration and gives out ammonia and carbylamine on heating the solu- 
tion. (Found: Cl, 37°93; N, 49. CsHsO;NCl; requires Cl, 37°95; N, 4:92 
per cent). 
2-Hydroxy-5- a-anilino- BRB-trichloroethylbenzoic Acid.—A solution 
of (I, 3 g.) in benzene (50 c.c.) and aniline (1-3 g.) was refluxed on a water- 
bath for 2 hours. The solid product obtained on cooling was crystalliséd 
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from benzene It was recrystallised from rectified spirit in lustrous rhombic 
plates, m.p. 182° (decomp.). (Found: Cl, 298z. CisHi20,;NCl; requires 
Cl, 29°50 per cent). 

Reduction of (I) ey Zinc dust and Acetic Acid: 2-Hydroxy-5-BB-dichlo- 
rovinylbenzoic Acid.—Zinc dust (2 g.) was added gradually to a hot solution 
of (I, 5 g-) in glacial acetic acid (so c.c.). After the reaction was over 
the solution was quickly filtered and diluted with water when a mass of 
soft silky needles separated. It was filtered off and crystallised from ben- 
zene, m.p. 170°. 

It does not absorb bromine in either acetic acid or chloroform solution. 
It decolourises permanganate and gives blue ferric reaction. (Found: 
C, 46°53; H, 2°73; Cl, 30°10. C,H,O3;Cl, requires C, 46°35; H, 26; Cl, 
30°44 per cent). 1 

Action of Potassium Iodide on (1). 2-Hydioay-5-BG-dichlorovinylben- 
zoic Acid.—Potassium iodide (3°5 g.) was added to a solution of (I, 3 g.) 
in acetone (50 c.c.) and refluxed on a water-bath for about 15 minutes. After 
removing iodine by steam distillation, needle-shaped crystals were deposited 
which crystallised from rectified spirit, m.p. 170-71°. 

2-Hydroxy-5- o-cyano- BB-dichlorovinylbenzoic Acid (V).—An aqueous 
solution of potassium cyanide (2 g.) was added to the solution of (I, 
5g.) in rectified spirit (30 c. c.) and refluxed for 2 hours on a water-bath. 
The solution was filtered and acidified with dilute hydrochloric acid 
when a pasty mass was obtained which was washed with water, dried 
on a porous plate and crystallised from a mixture of acetone and benzene in 
fine silky needles, m. p. 224-25°. It gives with ferric chloride a violet 
colouration. (Found : Cl, 27°66; N, 5. 45. CioHs;O3;NCI, requires i, 27.49; 
N, 5.43 per cent). Bae 3 

The acetyl derivative crystallised from rectified spirit in double 
pyramids, m.p. 175-76°. (Found: Cl, 23.72. Ci,;H,O,NCI. requires 
Cl, 23°63 per cent). . 

The dibromide was obtained bp adding bromine to the substance dissolved 
in acetic acid. The product crystallised from benzene in white silky 
needles, m.p. 210°: (Found: Halogen, 55.72. CyHsO,NCI,Br, requires 
Halogen, 55°26 per cent). 

Hydrolysis of (V) by Alcoholic Potash : 4-Hydroxy-5-carboxyphenyi- 
acetic Acid —The compound (V. 5 g.) was refluxed ‘with 20% alcoholic 
potash (25 c.c.) for 3 hours until the evolution of ammonia ceased. The 
solution was’ acidified and extracted with ether. On removing ether, a 
gelatinous mass was obtained which was first crystallised from acetic acid 
and then from chloroform in rhombic plates, m.p. 207°. (Found : C, 54.07 ; 
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H, 4°23; Equiv., 97°24. CysH,O; requires C, 55°09; H,4'11 per cent. 
Equiv., 98°08). ; Lo 

Oxidation of (V): Formation of 4-Hydroxyisophthalic ‘Acid—The 
compound (V, 1 g.) was dissolved in 5% sodium hygroxide solution making 
the solution just faintly alkaline. Hydrogen peroxide (r2 vol., 15 c.c.) was 
added, and the solution shaken well for $ hour and acidified with dilute 
hydrochloric acid. The product crystallised from a mixture of methyl 
alcohol and chloroform in needles, m.p. 303° (mixed m.p. with 4-hydroxy- 
isophthalic acid). 

4-Methoxy-5-carboxy-1-oBBB-tetrachloroethylbenzene.—Chloral hydrate 
(ro g.) and methoxysalicylic acid (8 g.) were dissolved in concentrated 
sulphuric acid (80 c.c.) and treated with sodium chloride (4 g.) as mentioned 
before. After 5 days, the. mixture was poured into ice when a pasty mass 
separated, which solidified on washing with water. It was crystallised 
from glacial ete acid and then from rectified spirit in prismatic plates, 
m. p. 138°. (cf. Hurry and Meldrum, loc. cit. Shah and pliraehendent; 
ibid., 1936, 18, 475). 

The methyl ester crystallised from benzene in long iekanonal plates, 
m.p. 105°. (Found : Cl, 42°65. C1:HioOsCl, requires Cl, 42°71 per cent). 

4-Methoxy-5-carboxy-1-088-trichlorovinylbenzene.—The above-mentioned 
compound (8 g.) was 1efluxed with 15% alcoholic potash (40 c.c.) for $ hour. 
The solution was filtered, acidified and the product obtained was crystallised 
from rectified spirit in white silky needles, m.p. 151-52°, yield 3 g. 

It does not absorb Eromine in acetic acid, chloroform or carbon tetra- 
chloride. Potassium permanganate is not, decolourised in the cold, (Found: 
Cl, 37.69; Equiv., 281°1. CicH,O,Cl, requires Cl, 37°82 per cent. 
Equiv., 281. 4). 

The calcium salt crystallises with 54 sneneeten of water of which 34 
molecules ate lost at x10°. [Found: Ca, 5°72. (CisH,OsCls),Ca,5$ H,O 
requires Ca, 5°73 per cent]. 

The methyl este: crystallises from benzene in long needles, m.p. 85°. 
(Found: Ci, 35°97- CiiH.O;Cl, requires Cl, 36°03 per cent). 

4-Hydroxy-5-08BB-tetrachloroethylbenzoic Acid (II).—p-Hydroxybenzoic 
acid (20 g.) and chloral hydrate (30 g.) were dissolved in sulphuric acid 
(200 c.c.) and mixed with sodium chloride (6 g.) as usual. After a week the 
mixture was poured over ice and the pasty mass obtained was dried on 
a porous tite and crystallised first from glacial acetic acid and then from 
benzene-petroleum benzine in glistening rhombic plates, m.p.*142° (efferv.). 
Ferric chloride produces very feeble purple colouration. (Found : Cl, 46°65. 
CyH,OsCl, requires Cl, 46°69 per cent). 
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The acetyl derivative crystallised from rectified spirit in rectangula- 
rods, —n.p. 189-90°. (Found: Cl, 41°32. C,,H,0,Cl, requires Cl, 41°c 
per cert). 

Aztion of Potassjum Iodide on (II): 4-Hydroxy-5-88-dichlorovinylben- 
zoie £cid.—The compound (II, 1°5 g.) was dissolved in rectified spirit 
(xo c.c.) and refluxed with potassium iodide (9 g.) for 20 minutes. On dilution 
with water needle-shaped crystals were obtained which were recrystallised 
from Senzene, m.p. 171°. (Found: Cl, 30°23. C,H.O3Cl, requires CL 
30°44 fer cent). 

2-—Methoxy-§5-carboxy-1-cBBB-tetrachloroethylbenzene (cj. Chattawa7 
and Célvet, loc. cit ).—Anisic acid (24 g.) and chloral hydrate (30g.) were 
dissolved in concentrated sulphuric acid and mixed with sodium chloride 
(12 g.) in the usual manner. After 3 days the mixture was poured over ice 
and the precipitated solid mass was first crystallised from glacial acetic 
acid aad then from methyl alcohol in needles, m.p. 248-49°, yield 29 g. 

The methyl ester crystallised from benzene in square plates, 
m.p. rro-11°. (Found: Cl, 42°83. CyyHisOsCl, requires Cl, 42°71 per cent!. 

2- Methoxy- 5- carboxy-1- oBB- trichlorostyrene.—The above-mentioned 
compcund (5 g.) was refluxed with 20% alcoholic potash (20 c.c.) fer 
15 mimutes, the solution diluted with water and acidified. The precipitate 
obtained was crystallised from rectified spirit in orange cubes, m.p. 212- 13". 
(Found : Cl, 37°73. Cy~H,0,Cl, requires Cl, 37°82 per cent). 
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SYNTHETIC INVESTIGATIONS ON THE DEGRADATION 
PRODUCTS OF BILE-ACIDS, SEX HORMONES ETC. 
PART It. A SYNTHESIS OF 7-METHYL.0 :3 :3- 
BICYCLOOCTANE-1-ONE. 


By D. K. BANERJEE. 


A synthesis of 7-methyl-0:3:3-bicyclooctane- 1 one by the cyclisation of etayl 
1-methyl-1-carbethoxy-cyclopentane-2-8- propionate has been described. The fuced 
carbon ring, thus formed, is found to be mainly trans-. 


By the oxidation of desoxycholic acid Wieland and. co-workers (W_e- 
land and Schlichting, Z. physiol. Chem., 1924, 184, 276; Wieland aad 
Vocke, ibid., 1928, 177, 68) obtained a tetrabasic acid C,.H.,O0,. “ts 
thermal decomposition resulted in the formation of a pyroketo-dicarboxy-ic 
-acid C,;H2.0; (1) which is now regarded as a 7-methyl-o:3:3- bicyc‘o- 
octane-1-one derivative, on the basis of the new constitution assigned to 
the cholane skeleton (Wieland and Dane, Z. physiol. Chem., 1933, 216, gr) + 


BOCES i - 
Se ec ile 
H.C CH CH. H.C CH CH, 
SN NR 
CH, = CH, CH, 
CO.H 
(1) (II)e 


In a previous paper (Mitter and Banerjee, Ber., 1936, 69, 456) an 
investigation on the synthesis of the above type of compound has be2n 
described. Asa preliminary to the synthesis of the pyroketo-dicarboxy ic 
acid (I), a method for the synthetical preparation of 7-methyl-0:3:3- bicyc.o- 
octane-r-one (II) has been dealt with in the present’ communicaticn. 
A preparation of a 7-methyl 0:3:3 bieyclo-octane-2-one has been described 
by Linstead and Errington (J. Chem. Soc., 1938, 666) in which a rigid 
proof regarding the position of the keto group is wanting. 

Ethyl! cyanoacetate has been condensed with ethyl levulate in presenze 
of acetamide according to the method of Cope (J. Amer. Chem. Soc., 1937, 
59, 2327), and an excellent yield of ethyl 1-cyano-2-methyl—A!-butere- 
1:4-dicarboxylate (VI) is obtained. Addition of potassium cyanide to the 
above unsaturated cyano-ester is carried out according to the method of 
Hope and Sheldon (J. Chem. Soc., 1922, 124, 2223). The resulting dicyano- 
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ester (V) is hydrolysed and the crude gummy acid, thus obtained, is 
esterified by alcoholic sulphuric acid to yield the tricarboxylic ester (IV). 
of potassium cyanide to the resulting unsaturated cyanoesters has first 
been carried out by Hope (J. Chem. Soc., 1912, 911, Hope and Sheldon, 
loc. cit.) and later By Bardhan and Ganguly, ibid., 1936, 1852; Science 
and Culture, 1937, 2, 655). Condensation of cyano-acetic ester with the 
keto group according to the method of .Cope (loc. cit.) has, however, given 
more satisfactory result. . 

The sodio-salt of (III, R=R’=CO,Et; R’=H) has been condensed 
with ethyl B-chloropropionate to yield ethyl 2:3-dicarbethoxy-3-methy]- 
cyclopentanone-2-6-propionate [IJI, R=R’=CO,Et; R’=(CH,).CO.Et], 
(cf. Baker, J. Chem. Sec., 1931, 1552), Which on hydrolysis yields the 
keto-acid [II], R=H; R’=CO,.H; R’=(CH.).CO.H]. Ethyl 
i-methy]-1-carbethoxy-cyclopentane-2- 8- propionate (VIII, R=CO,Et; 
R’=CH, CH, CO.Et), which is obtained by the reduction of the above keto- 
acid by Clemmensen’s method followed by esterification of the gummy acid 
obtained therefrom, is cyclised by sodium in benzene solution to yield 
7-methyl-2-carbethoxy-0:3:3-bicyclooctane- 1-one (VII). The yield of the 
above cyclisation product is only 30%. 7-Methyl-o:3:3-bicyclooctane- 1-one 
(II) is obtained by the hydrolysis of the 8-ketonic ester (VII). 

CH; CO:[CH,].COsEt CH,C:[CH.]CO.Et CH,C(CN):[CH2].COEt 
+ —> i > 


CH, (CN)-CO,Et C(CN):CO.Et CH(CN)-CO,Et 
(VI) (V) 
. 
—>CH, C(COREt)’ [CH ],"CO.Et H.C—C—R’ 
| a —> 
CH.CO,Et H.C CR’R 
(IV) ye : 
% co : A 
‘ (11). YG 
i Me 
H,C—C—R H.C—C——Co 
H.C CH—R’ H.C: CH CH-CO,Et 
\4 V7 
CH, CH, CH, 
(VI) (VII) 


To determine the locking of the fused carbon rings in (II) the ketone 
has been oxidised with nitric acid to 1-methyl-cyclopentane-1-ca1 boxylic- 
g-acetic acid (VIII, R=CO,H; R/=CH,CO,H), which after two 
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crystallisations from water melts at 136-27°. Both the cis-form (m.p. 110°) 
and the trans-form (m.p. 139°) of the above. acid have been synthetically 
prepared by Linstead and Errington (loc. cit.), and they have shown 
the cts-acid to be identical with the acid obtained from 7-methyl-o:3:3- 
bicyclooctane. But the acid obtained in our case seems to be mainly the 
trans-isomeride. The low yield of (VII) also lends support to the same 
conclusion. A similar mixture of stereoisomerides of acid (VIII, R=CO.H; 
R'=CH,CO.H) of m.p. 126° consisting mainiy of the trans-form was 
obtained by Barrett, Cook and Linstead (J. Chem. Soc., 1925, 
1065), when they prepared the reference compound. It has, however, been 
pointed out at a later stage that the acid which was described as melting 
at 126°, was. on repeated crystallisation from water found to melt at 
132-133°'; the mixed melting point of the latter with the acid of m.p. 129° 
was 136°.. For-want of sufficient material, however, further crystallisat-on 
of the’acid, now prepared, could not be carried out. ‘The b.p. of 7-methyl- 
0:3:3-bicyclooctanone obtained by Linstead and the m.p. of its seni- 
carbazone are 80°/12 mm. and 178° respectively, whereas the b.p. of 
7-methyi-0:3:3-bicyclooctane-1-one and the in.p.’ of its semicarbazone zre 
70°/6 mm. and 210° respectively. 

It is interesting to note that the stabilisation of the trans-foim in the 
fused cyclopentano-cyclopentane system due to the presence of the angular 
methyl group (which according to Hiickel should exhibit a moderate 
degree of strain) is also exhibited by the pyroketo-dicarboxylic acid (I) 
which, as has already been mentioned, ‘is formed by the thermal decompcsi- 
tion of the acid C,,H3,0s. Wieland has proved the ste1eoisomeric consti- 
tution of (I) by showing its oxidation product to be identical with the 
trans-form of the C,sH2 oO, acid, the cis-form of which was prepared by 
the same worker by conversion of the trans-acid to the cis-anhydr-de 
followed by treating the anhydride with warm water. 

EXPERIMENTAL. 


Ethyl 1-cyano-2-methyl- A} — butene-1:4-dicarboxylate (V1I).—A mixture 
of ethyl levulate (53-5 g), ethyl cyanoacetate (qo g.), acetamide (8 2.) 
and glacial acetic acid (85 c.c.) was slowly distilled from a Claisen’s flask 
provided -with a fractionating column, the temperature of the distill ng 
vapours being kept between 105-115°. In course of about 7 hours, 86 c.c. 
of the distillate were collected. The residue in the flask was taken up in 
ether and washed several times with water. After the removal of the eter 
the product was fractionated. Almost the whole of the unreacted keto- 
ester and -cyanoacetic ester, which were collected in the lower boil ng 
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fraction, were used in subsequent iots.. The unsaturated cyano-ester (55 g.) 
distilled at 154-160°/5-5 mm. (Found. N, 5°6. Cy2H.,O,N requires N,5°85 
per cent). 

Diethyl 1:2-dicyano- 2-methyladipate (V).—Potassium cyanide (175 g.) 
dissolved in water (95 c.c.) was slowly added witlf constant shaking 
to a solution of ethyl 1-cyano-2-methyl-A\!-butene-1:4—dicarboxylate 
(32 g.) in alcohol (152 cc.) and water (8c.c.). The above mixture 
was cooled in ice and with shaking a cooled solution of hydrochloric 
acid (ar°3 e.c. dr1s) and water (15 c.c.) (equivalent to three-fourth of the 
quantity of potassium cyanide added), were slowly added. ‘The resulting 
slightly opaque solution was left at the room temperature for about 
20-25 minutes and then acidified by pouring into a large volume of 
a very dilute hydrochloric acid, when a heavy oil separated. The oil 
was extracted. with ether, the ethereal solution washed with water and 
dried over sodium sulphate, ether removed and diethy! 1:2-dicyano- 
2-methyl-adipate collected at 190-192°/6-mm., yield 80-90%. (Found: N, 
10°6. CysH1,0,N2 requires N, r1o°5 per cent). 

Diethyl 2-Methyl-a-carbethoxyadipate (IV).—The above dicyano-ester 
(60 g.) was hydrolysed by refluxing with 8 times its volume of concen- 
trated hydrochloric acid for 12 hours. The resulting clear solution 
after saturation with common salt, was repeatedly extracted with ether. 
The ethereal solution was dried over freshly ignited sodium sulphate 
and the crude gummy acid (29 g.), obtained after the removal of ether, 
was esterified by refluxing with a solution of alcoholic suiphuric acid 
(300 c.c. absolute alcohol and 50 c.c. sulphuric acid, d 1°84), for 36 
hours on a gvater-bath. The ester was isolated in the usual manner 
and distilled at 169-170°/10 mm., yield 31g. (Found: C, 58'5; H, 8x. 
Cy4H2,0, requires C, 58°3; H, 8°3 per cent). 

Ethyl 3-Methyl-cyclopentanone-2 : 3-dicarboxytate (I]1).—The tricar- 
boxylic ester (IV) in sodium-dried benzene (100 c.c.) was refluxed with 
powdered sodium (4°6 g) on the water-bath for 3-4 hours until all the 
sodium went into solution. The cooled benzene solution was acidified 
with ice-cold dilute hydrochloric acid. The benzene layer was separated 
after dilution with ether, washed with sodium bicarbonate solution and 
then with water. The mixture of benzene and ether was removed. ‘The 
residual oil, which gave a deep violet colouration with alcoholic ferric 
chloride, boiled at 153°/85 mm., yield 22 g. (Found: C, 59°3; H, 7'r. 
Ci2His0; requires C, 59°5; H, 74 per cent). 

Ethyl 2: 3-Dicarbethoxy-3-methyl-cyclopentanone-2-f-picpionate [11I, 
R=R/=CO,Et, R’=(CH,).CO, Et)—To the sodio denvative of the 
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above f-ketonic ester, prepared by allowing a mixture of pulverised 
sodium (2°9 g.) suspended in dry benzene (100 c.c.) and 2 : 3-dicarbe- 
thoxy-3-methyl-cyclopentanone (30 g.) to stand overnight, ethy] B-chloro- 
propionate (18 g.) was added and the whole was refluxed on a water-bath 
for 24 hours. Water was added to the cooled reaction mixture, the benzene 
layer separated, washed with water and dried. ‘The solvent was .removed 
and the residue distilled at 194-97°/7 mm., yield 3x g. The ketonic ester 
does not respond to ferric chloride reaction. (Found: C, 59°2; H, 7’s. 
Ci7H2.0;, requires C, 59°6; H, 76 per cent). The potassium salt of the 
B-ketonic ester on condensation with ethyl f-chloropropionate in xylene 
solution, yielded the condensation product in poor yield. 

3-Carboxy-3-methyl-cyclopentanone-2-B-propionic Acid [III], R=H; 
R’=CO,H ; R’=(CH,)2 CO.H).|—The above ester (13'5 g.) was hydrolysed. 
by boiling with concentrated hydrochloric acid (50 c.c.) for 36 hours. 
The acid solution was extracted with ether and the oily residue left 
after the removal of ether solidified on being kept ina vacuum desiccator. 
On crystallisation from éther it separated in prismatic needles, m.p. 116°, 
yield 8-9 g. (Found: C, 55°6; H, 66; Equiv., 105°3. CioH,,0; requires C.. 
56°07 ; H, 65 per cent. Equiv., 107). 

The semicarbazone of the above keto-acid, on crystallisation from. 
dilute alcohol, melted at 228°. (Found: N, 15°6. Ci;Hi,0;N; requires N 
13°6 per cent). : 

Ethyl 1-Methyl -1-carbethoxycyclopentane-2-6-propionate (VIII, R= 
CO,Et; R’=CH,’CH,"CO.Et).—A mixture of amalgamated zinc (50 g.), 
the above keto-acid (18 g.) and concentrated hydrochloric acid (d 1°r&, 
200 c.c.) was refluxed for 12 hours, 100 c.c. more of cgncentrated 
hydrochloric acid were then added and the heating under reflux cont> 
nued for another 12 hours. After cooling, the acid solution was repec- 
tedly extracted with ether. On removal of the solvent, a syrupy liquid 
was left as aresidue which, however, showed no tendency to crystallist. 
The crude liquid acid (about rog.) was dried in a vacuum desiccater 
and esterified by refluxing with absolute alcohol (so c.c.) and concentrated 
sulphuric acid (d 1°84, 5c.c.) for 24 hours, The dibasic ester on beirg 
worked up in the usual manner boiled at 140-142°/4'5-5 mm., yield about 
to g. (Found: C, 65°2; H, 91. CisHa.O, requires C, 65°6; H, 04 
per cent). 

7-Methyl-2-carbethoxy-o: 3 : 3-bicyclooctane-1-one (VII).—he above 
dicarboxylic ester (10 g.) was refluxed with sodium dust (1'8 g.), suspea- 
ded in dry benzene (25 c.c.), for 5 hours, The reaction mixture was 
cooled and treated with ice-cold dilute hydrochloric acid. The benzene 
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layer was separated ‘and treated ‘in the usual manner. -On removal of 
betizené 7-methyl-2-carbethoxy-o : 3 : 3-bicyclooctane-z-one (2°5 g.) distilled 
at119-120°/6 mm:; léaving some undistillable residue in the flask. ‘The 
above ester givesa characteristic “violet colouration with -alcoholic ferric 
chloride. (Found: C, 69'2; H, 8°5. C\.H,;O3- requires C, 68°6; H, 8:6 
per‘cent). + Poo ; as : ‘ 
+ 7-Methyl-o +3 : 3-bicyclooctane-1-one (I).—The keto-ester (VII, 2°4 g.) 
was, hydrolysed by refluxing- for .16 “hours with an“ excess of- 20% 
sulphuric acid. The resulting product was taken up.in ether, the ethereal. 
layer-was washed with sodium carbonate solution and then with water, dried 
and the ether removed. On distillation 7-methyl-o: 3 :3-bicy¢looct.ne-1- 
one was obtained as a colourless oil with strong camphoraceous smell, 
b.p. 70°/6mm. (Found: C, 77°75 H, 10106. C,H yO requirs C, ,78'2 ; 
H, .ro°r percent). The semicarbazone crystallised fiom ethyl alcohol, 
m.p. 210°. (Found: .N, 21°7. Cy.Hi;ON, requires N, 21°5 per cent). - 

Oxidation of 7-Methyl-o: 3: 3-bicyclooctane-1-one.—The. ketone (II) 
(o'7°g.) was heated on the water-bath with concentrated nitric acid (4 c.c.); 
for 2 hours ‘and then on the free - flame for 7 hours with -the addition of. 
4 c.c. of water. ‘Ihe clear solution was, concentrated by keeping ‘it 
in a vacuum desiccator over caustic potash when crystals of the dibasic 
acid separated,’ m.p..r23° -with- previous, shrinking at .120°., ‘After two 
erystallisations from water it had m.p. 126-27°. (Found : C, 58°06 ;.H, 7°53. 
GyH,,0, requires C, 58'07 ;-H,-7'53 percent): ~- -.° * .7L- men, 

My thanks are due to Prof. -P..C. Mitter for valuable advice and 
encouragement during the course of this work. My thanks are also due.to 
Mr. N. Ghgsh and Mr. B. Bhattacharyya for carrying out the microanalysis 
of‘some of the compounds. Sea et . - 
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PHOTOCHEMICAL AFTER-EFFECT IN THE OXALATE. 
IODINE REACTION ~ 


By P. S. MacManon AND ae BrHaRt LAL. 


The after-effect rate if the oxalate-iodine reaction increases with the length of period 
of pre-illumination, The shapes of the curves obtained indicate that the after-effect rate 
of reaction is identical with the photochemical rate at the instant of darkening. It 
falls off very rapidly at first, so that it has already béen largely reduced by the time the 
first reading is taken. ‘The duration of the after-effect, 1.e., period during which a 
measurable falling velocity can be detected by the disappearance of Ig, is independent of 
temperature and period of pre-illumination. The end-rates, when the fall in velocity 
becomes very slow, are found to be ata higher Jevel than the normal dark reaction 
to an extent depending upon the period of pre-illumination. The value of the “secondary 
after-effect’’ obtained by adding fresh iodine in the dark to solutions in which all the 
original iodine has been used up by exposure to light is diminished (a) with increase of. 
the time interval between decolourisation and addition of iodine, (b) with increase of 
temperature and (c) with increase of concentration of KI. In the absence of iodine the 
“activity’’ disappears completely in the course of tinié dépending upon the temperature. 

Solutions of free oxalic acid and iodine react photochemicalHy but there is no after+ 
effect. Mixtures of oxalate (or oxalic acid) and iodine from-which all the molecular iodine 
has been removed photochemically do not reduce mercuric chloride. indicating the 
absence of “activated oxalic acid’’ in the sense in which ‘the term has been applied in 
the permanganate-oxalate reaction, A mechanism has been suggested dispensing with 
assumptions about the existence of activated molecules, and depending solely upon a 
simple extension of the Berthoud chain mechanism for the oxalate-iodine photo-reaction. 


The object of this investigation was to try and examine, if only froma 
phenomenal point of view, whether there is any relation between the after- 
effect in the potassium oxalate-iodine reaction, and the so-called ‘ ‘activation s 
of oxalic acid by the addition of small quantities of potassium permanganate 
to it in aqueous solution. It is only natural to suppose that these two 
reactions may have a common origin, namely, that light energy absorbed 
in the: first instance, or chemical energy liberated by the primary act of 
oxidation in the second, may be transferred to oxali¢ acid molecules or 
ions, conferring upon’ them the enhanced reactivity shown, for example, 
in their behaviour with mercuric chloride in the latter instance. ; 

The apparent close parallelism between the two has been further 
emphasised by the observations of Abel (Z. Elekirochem., 1937, 48, 620) 
that a mixture of potassium oxalate and iodine after having been de- 
colourised. by illumination shows enhanced reactivity towards iodine 
subsequently added in the dark, over and above the normal dark rate. 
The question arises whether such end solutions may not also contain some 
form of activated product identical with or similar to that produced in 
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the permanganate-oxalic acid reaction. The latter will be the subject of 
a further communication. . 

The following account shows the results which have been obtained 
from a more detailed study of the after-effect in potassium oxalate-iodine- 
potassium iodide mixtures under varying degrees ef concentration and 
temperature. 


Effect of Time of Illumination. 


There is a measurable dark reaction between potassium oxalate and 
iodine which has been found by previous workers to be unimolecular with 
respect to iodine. On illumination of solutions with the light of a 500-watt 
filament lamp for a short time, we find that a marked after-effect is 
produced, the initial rate of which increases continuously with the timie 
of pre-illumination. 

Table I shows the course of an experiment in detail. First readings 
for the after-effect were taken as soon as practicable after darkening. 
In all cases, the corresponding dark rate has been subtracted from the 
total effect to give the after-effect rate. For the calculation of the velocity 
constants for the after-effect, zero trme has been reckoned from the moment 
the first reading was taken after cutting off the illumination. ‘he pre- 
illuminated reaction mixtures were always shaken before taking the first 
observation in the dark, 


me 


Taare I. 


‘Temperature of thermostat=50°. Concentrations: N/2-K.C.O,, N/30- 


KI, N/120-%s. 
K~=1/1 log a/a-x, where a is the initial concentration of iodine and 


a-x is the concentration at time /. 


A. Dark reaction. B. Illuminated at the point marked.* 
Time. NagS303 K x 108, Time. NaeS_03 K x 108 
o min. S10 c.c. -~ o min. 8-00 ¢.c. _ 
66 7°45 550 68 7°35 54t 
120 6-90 58x 120 6-go 536 
180 6°40 568 180 6-30 | 578, 
245 595 547 tgo*—205%¢., 15 min. illumination 
300 5°45 574 . K x 108, 
435 4°65 554 205 4:05 = 
540 4:00 507 225 3°35 413 
250 3°20 228 
. F 308 2-80 156 
44z T-go 139 
540 I-40 138 


685 0-95 131 


PHOTOCHEMICAL AFTER-HFFECT IN OXALATE-IODINE REACTION 431 


Table II shows the effect of time of illumination at‘ 50°. - The initial 


concentrations of the reactants were the same as-in Table I.> .° - 
c Tania IT. 
Time of illumination. 
15-min. ro- min. 5 min, -Y min 
After-effect Sas 

Ok Kx308. 5 t Kxr08,. it. Kxroi, ot. K x 108, 
omin. --1. omin omin, oe. omin, - uy 
20 337 -: 21 - 173 .. 25 68 -30 40. 
45 172 2-50 + 105 "95 33 38 24, 
103 TOO : TIY >. 64 231 52 26 ~ 297% 19. 
236 - 83 230-2 345 “219 23874 18 
335 >82 360 38 —_.480 215 - 480 Io 
480 295 478 +. 34 


“These results are illustrated in Fig. 1. The curves show that tke 
after-eflect is a function of the total light energy absorbed during illumi- 
nation i.e., number of molecules of-reactant transformed. It drops cf 
extremely rapidiy the instant the light is ut of: abies III and Iv 
summarise the, resitits ebrenes at 25°. ee eee 


en 
€ 


Taste IID. oe 


Temperature of thermostat=25°. Concentrations: N/2-K2C,0j3,-N/300- 
KI, N/1x200-I;. ~ 


A. Dark reaction. B. Illuminated for 15 min. and then 
measured the rates in the dark. 


‘Time, NaySpQ3. K x 10!, Time. NagSo03. K x 108, 
x 7 : o min. Z-09 Cc. 
o min. 715 cc. 
Be) ‘ o-85 - 706 
+10 4, 
55. 7 545 a ae? = 4x8 
180 7 . 7°00. 51x . , 
99 0-40 402 
314 6-85 584 : 5 : 
: 140 -  , 39 | 874. 
45% 875 554 ee $4 
, a a 7 -. Oo 355- - 
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Table IV shows the effect of time of illumination at 25°. The initial 


concentrations of the reactants were the same asin Table III. | ° 


TABLE IV. 


Time of illumination. 


1s min. 10 min. 5 min. zr min. 
k After-effect A ha ahs 
- + K x 208. t. Kx108. t. Kx, te Kx 108, 
o min. “ia omin -... omin; -.. o min. 
Io ‘¥OT 15 "arg “5 ‘go - 1S 41 
53 433 30 183 43 81 33 36 
99 397 60 163°  & 63 73 28 
140 “369 120 146 186 ” 54 "123 23 
197 350 240 116 + 315 47 242 TY 
~< 426 a) 381 16 
aa nk LG. de 557 ea 
wee % Taste V. et, 


~~ Concentrations were the same aS in Table III. “The datk’ réaction at 
this temperature was immeasurably slow. Exposure to bright sunlight 
for 30 min. ‘Temperature of thermostat =0-3°. 


é : : 
“Time ‘(min.) - 0 oF 212 _ Ba. 48x * 
Atter-effect (K x ro — 917 679 519 4st 


The figures shaw that there isa regular fall in the after-effect which 
persists for a long period. ‘They are calculated on the unimolecular formula 
which holds for the normal dark reaction, but this formula is not applicable 
to the actual course of the after-reaction, which probably depends upon 
the slow disappearance of some active intermediate praduct. The latter 
may react with iodine to give the measured after-effect while décaying 
spontaneously in other ways. It is thus impossible to represent the: total 
change by any simple formula. For this reason the measured rate of 
iodiné’ reduction-(Fig. 1) never approaches that of the normal dark 
reaction within the measurable time limits of the experiments. 
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Fic. 1 
Photochemical after-effect at 50°. : 
Curves 1—4 show the course of after-effect obtained in the periods of illumination cf 
15, 10, 5 aud 1 minute respectively. Conc. same as in Table I. 





° I 2 3 4 5 ; 6 
Time-(hour). 


Fic. 2. 
Photochemical after-effect at 0°3°. 
The conc. of the reactants same as in Table IV. 


300 
T 3 5 7 9 
Time (out) 
The effect of different temperatures cannot be usefully compared since 
different concentrations of iodine and potassium iodide must be employeé 


in order to obtain convenient reaction velocities. ‘The latter can be regu- 
lated by varying the concentrations of potassium iodide. 


It is worthy of note that no measurable dark reaction was founc 


ned 7 Ra ee } t it 
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at 0°3°, and the after-effect curve obtdined (Fig. 2) thus represents the rate 
of decay without this complication. © 


Effect of Addition of Fresh Iodine to Decolqurised End Solutions of - 
Illuminated K 2C20.- i. . 


We have examined in detail the effect of restoring in the dark in the 
original concentration the iodme completely used up in the photo-reaction 
( at various time intervals after decolourisation of the mixture, {d) at 
various temperatures and (iii) with varying concentrations of potassium 
iodide. 

For the sake of brevity the tables are not reproduced. The results 
of experiments on (i) at 25° are shown in Fig. 3. 


Fic. 3 
Secondary after-effect at 25°. 


359 


250 


Kx1088—> 





Time (hours) 


The curves 4-H show the course of secondary after-effct obtained by the addition of 
fresh iodine to the solutions in which iodine had been completely reduced photochemi- 
cally, immediately after the reduction had been judged to be complete and intervals of 
I5 mins , 30 mins , one hour, one hour 40 mins., 3 hours, 6 hours;, and 12 hours from the 
moment of decolourisation ~of- the original solutions respectively. After an interval of 
24 hours. the secondary after-effect vanished and the addition of fresh iodine to this solu- 
tion gave the norm&l dark rate of the reaction. ‘The concentrations were the same as in 


Table IV. 
(i) Effect of Tome Interval.-—It will be seen that ‘decay curves’’ are 
obtained similar in form to the original after-effect curves, but that the 


actual values of the initial velocity constants are very much less than 
those obtained by illumination. 


\ 


t 
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. In these experiments fresh iodine was added in the dark at different 
intervals from the moment after the original illuminated iodine had bees. 
judged to have been used up. ‘The estimation of the actual intervals is 
therefore only approximate. ‘The reaction velocities obtained indicate that 
there is a general spoytaneous decay of activity in the decolourised soiutior 
extending over a period of about 24 hours, after which it is no long21 
detectable. 

(ii) Effect of Temperatuie.—Experiments were performed at various 
temperatures between 25° and 50° on the “‘activity’’ of the decolouriseé 
solution, using the same concentrations of reactants in each case. 


Tasle VI. 
Concentrations: N/2-K,C.0,, N/300-KI, N/1200-I,. 
‘Temperature. Dark rate. Rate with added Ip. Activity 
Ky x 105, Ky x 108, 
Ko/Ky. 
25°C 5 35 770 
30 17 : 82 48 
35 45 180 4:0 
40 127 287 253 
45 297 354 12 
50 770 779 r-0 


In all these experiments fresh iodine was added as soon as the 
decolourisation of the original mixture by illumination had been judgec 
to be complete. ‘The measure of ‘‘activity’’ has been taken as the ratio 
of the rate of iodine reduction, obtained one hour after the addition of fresh 
iodine to the decolourised solution, to the normal dark rate at a particuia: 
temperature. The rate of disappearance of added iodine, which we mar 
call the ‘‘secondary after-effect’’, has been computed in the above manne: 
in order to obtain comparable results. The data clearly show that the 
rate of disappearance of “‘activity’’ is a function of the temperature. It 
is greatest at 25°, gradually diminishing up to about 50° when no measure 
abie effect could be detected. 

A significant fact is that at 50° there is still a pronqunced photochemicel 
after-eflect (Table IA and IB) in solutions partially decolourised by illum: 
nation, but that no secondary after-effect can be observed on adding fresa 
iodine in the dark. The ‘‘activity ’’ has disappeared within the short ir- 
terval between decolourisation and addition of fresh iodine in the dark. 

(iii) Effect of Potassium iodide Concentration.—This is shown in Tabl: 
VIL where the values of the mitial velocity constants after one hour from 
the moment of addition of fresh iodine are tabulated at four concentre- 
tions of potassium iodide. The “‘ activity’’ of the decolourised solutions = 
seen to diminish with increasing concentrations of the latter. Potassium 


} 


i 
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iodide exerts a common inhibiting effect on (i) the normal dark reaction, 
(ii) the photochemical rate, as pointed out by Berthoud (Helv. Chim. Acta, 
1924, 7, 307), (iii) the photochemical after-effect, and (iv) the secondary 


after-effect. 


Tasty VII. > 
‘Temperature=30°. Contentrations : N/2-K,C,0,, N/1200-1.. 


Cone. of KI --. N/300 N/150 N/x00 N/75 
Sec. after-eifect (Kg x 105)... 64 vy 11 2 


Effect of Addition of KI on the Photochemical After-effect. 


The maximum photochemical ‘after-effect was obtained in solutions 
containing no potassium iodide initially as shown in Table VIII. 


Taste VIII. 


Temperature of thermostat=25°. Concentrations: N/2-K.C,0,, 
N/1080-I, (No potassium iodide). 


A. Dark reaction. B. Illuminated at the point marked.* 





e 

Time Na2$,03 Ex 105 Time. NagS,0;  K x x08 After-effect K x 108 
o min. II'95 ¢.c. waite o min, 12°00 C.c. 
33 11‘00 Tog 60 10°40 104 
i 8°50 ~e 123 go 9°25 126 
80 7°50 112 137°5*: 142°5 i.€., § min, illumination. 
210 7'r0 108 142 °5 2°10 
240 6°75 103 145 175 3168 3062 
272 6°50 97 150 1°70 1226 x18 
308 6°35 8 166 1'40 749 643 

183 1°05 743 637 


= 210. o'so 545 439 - 


* 
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Frotu the tables, ‘ 


After effect (t=145 min.) _ 3062_ 


rr a 26, 
Dark rate (4=145 min.) eee approximately, 


whereas from Table IV, for the same time of pre-iJlumination, i.e., 5 minutes 
this ratio is ay 20 fapprox.). 


Thus the presence of N/300-KI in the latter case diminishes the rela 
tive value of the after-effect. The decreasing values of the velocity cone 
tants in Table VITIA are due | to the enue accumulation of potassium 
iodide in the solution. 


Free Oxalic Acid and Iodine. 


Attempts were made finally to examine the reaction between free oxalic 
acid and iodine under nitrogen using the same source of illuminatior. 
Some measurements have appeared in the literature of the oxalic acid-iodinz 
reaction performed in air. ‘These are of littie value on account of the photc- 
chemical reaction between aqueous HI and atmospheric oxygen. The extert 
to which the reaction can be examined is limited, firstly, by the sma] 
solubility of iodine in aqueous solution and secondly, by the slonnes 
of the reaction, but it was found possible, using N//800-iodine. to obtain 1 
measureable dark rate at 50° (Table IX). 


Tasry TX. 


Temp. of thermostat=50°. Concentrations: N/2-H.C,6,, N/8oo-l, 
(without KT). 


A. Dark reaction. B. Illuminated for 30 min. 
Time. NayS,03 K x10? ' Time , NazS203 Kx x0? 
o min. 3°40 C.c. eas o min. 2°20 C.c. 2 
100 3°35 | 650 170 2°15 588 
360 3:25 545 355 2°10 577 
483 3°20 547 500 2°08 506 


A distinct photo-rate was found superimposed on the dark reaction 
which could not be measured accurately With the resources at our disposa’, 
but it is significant that no after-effect conld be observed. These latter 
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experiments were done under nitrogen in a specially constructed apparatus 
from which all atmospheric oxygen was carefully excluded throughout the 
course of the experiments. ye , 

-“The potassium oxalale-iodine reaction itself was also edarined under 
nitrogen. Atmospheric oxygen was found to have n no effect_on the Kinetics. 


e oe. Nature of the “Activity”. 


The end solutions obtained’ by complete reduction of iodine were found 
in all cases to be completely inactive towards mercuric chloride ‘solutions in 
contradistinction to permanganate-treated oxalate. Experiments on the 
latter reaction will be described in a further.communication. 

A large number of experiments were "performed under nitrogen in the 
“dark, but in:no. case was any reaction found to.take place:; The failure to 
-react was not due to the presence of potassium-iodide, since control experi- 
ements with eee ae solutions ;were found to- reduge : 
«mercuric chioride in the usual manner. “2S 2 te fs ae 

. We are thus led to the conclusion that. the; iethutane: see activation 
in these two reactions is quite distinct and that they :.cannot be ascribed :to 
.a-common activated product or to-~acquisition-of energy, chemical and photo- 
chemical respectively, which subsequently mdnifests itself through the same 
mechanism. With iodine the experiments already: described show that 
oxalic acid molecule as such takes no part in the reaction process, but that 
it is exclusively ionic in character. 


ae 


ome he hee cee 


ue 
we 
+ 


DiIiscUuSSION °- 7s 


Suggestions have already been put forward about the nature of the 
reaction by Mukerji and Dhar (J. Indian Chem. Soc., 1928, 5, 203) and Abel 
(loc. cit.). Dhar’s ‘explauation does not account for the seccndary after- 
effect, apart from the inherent difficulty of assuming “‘activated’’ molecules 
to retain their esergy for pefiods of 24 hours or more. 

Abel accepts as the most likely intermediate product the oxalato-ion 
postulated by Berthoud which may either lose or gain an electron as 
indicated below : ; ate * 

-© . cor’ +O COW 
0s Coe 


. 


oi red, COO ~oxs COQ. Ve. as 


ow 
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His theory does not offer any explanation for the absence of the 
secondary after-effect at -higher temperatures found by us, when the photo- 
chemiéal after-effect is still quite pronounced. 

. It.appears to us that a- possible scheme may be derived by a simple 
extension of Berthoud’s chain mechanism for the photochemical reaction 
(loc. Git.) as shown below. 


Inthv —> al she A 
I+I —> I, ; .. (ii) 
 f+il+l —> I, - we (iit) 
] + C,0,!—> I + C.0 ic eee (iv) 

F chain 
C,0,! + I,—>2CO,+ 1+) eee (v) 


Both I and €,0,’ are chain carriers and since they are assumed to be in 
very. small stationary concentrations in the presence of a large excess of 
C,0,!" and I., their chances ot reaction wiil be overwhelmingly predominant. 
So long : as molecular iodine 1s present, reaction (v) will proceed slowly as 
revealed’ in the after-effect. . 

If we assume that in the absence of molecular iodine reaction (iv) is an 
instantaneously established equilibrium reaction, depending upon electronic 
interchange, we may write it in the form 


I+C,0/ == 1'+C,0/ w. (zi) 


When fresh iodine is added to (vi) the chain is recommenced, thus 
accounting for the secondary after-effect. mt 

The respective stationary concentrations of C,O,’ and I are mainly 
reduced by self-combination, the rate of which increases with rise of 
temperature 


C.0,' + C.0,’ _ 2CO, + €,0,! eee (vii) 
I + I —> I, (viii) 


but the chances of these reactions are small compared to (iv) and (v). 

The decay of “‘activity’’ may be attrikuted to the falling stationary 
concentration of C,O,' in (vi) and consequent lower reaction velocity of (v), 
which is responsible for the removal of molecular iodine. 

The increase in the after-effect rate with increasing periods of pre- 
illumination can be accounted for by assuming (v) to be slower than (iv), so 
that an excess of C,0;' accumulates during illumination. 


3 
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The fact that no secondary after-effect has been found at: 50° .may be 
explained on the assumption that the chances of reaction (vit) will be very 
much greater in the absence of I,, and it is so fast at that temperature that 
the stationary concentration of €,0,’ in (v1) becomes negligible and hence 
no change is observed when fresh iodine.is added in the dark. With 
increasing time intervals before addition of iodine at lower temperature, the 
concentration of C,O,’ will have been correspondingly reduced. 

The same explanation holds good for the lower rate of the secondary 
after-effect compared to the photochemical after-effect. 

The effect of addition of potassium iodide, in extension of Berthoud’s 
‘original assumption for the photochemical mechanism, is to reduce the 
stationary concentration of I and hence of C,0,' in (vi) in accordance with 
reaction (iii). The concentration of C,0, (i) is highest in light when a 
constant supply of fresh iodine atoms is being furnished, (ii) fails off rapidly 
on darkening owing to self-combination, (iii) is small when iodine is com- 
pletely used up, (iv) 1s minimum after about 24 hours. - oe 

One of us (B.B-L.) is thankful to the Lucknow University fot" the grant 
- of a Research Fellowship. . . on 
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THE TERNARY SYSTEM. POTASSIUM NITRATE, 
AMMONIUM NITRATE AND WATER AT 25°, 
' By R. K. Bany AND Sogyit SINGH. 


In the system KNO;NH,NO,;H,0, studied at 25°, the two salts do not form anr 
double salt or a sait hydrate. % 


The heteregeneous equilibria between the nitrates of potassium al 
ammonium was studied to determine the existence of any doubie salt formec 
and to investigate the change of the solubility of one in the presence o> 
the other along with ‘the nature of the solid phases present. The vapou- 

“ phase has been assured to"be absent and the whole subject has been treatec 
from the point of view of condensed system at atmospheric pressure. 

To a definite amount of potassium nitrate, increasing amounts o: 
ammonium nitrate were added in presence of a constant amount 0: 
water. The various complexes were vigorousliy stirred up to equilibrium im 
wide tubes immersed in a water thermostat kept at a constant temperature 
of 25°. The usual time given was 48 hours. When the equilibrium was 
established, the composition of the solution was determined by withdrawing 
portions ‘of them by means of a pipetté heated previously to the temperature 
of the’bath. It was filtered “and weighed in stoppered bottles and then 
analysed. The moist residue was weighed separately and analysed. 

The ammonium ion was estimated by the usual distillation method anc 
the nitrate was determined by Lunge’s nitrometer as given by Scot 
(“‘ Standard: Methods of Chemical Analysis”’, 1925, Vol. I p. 353). The 


amounts of potassium and water were calculated by difference. 
H,O 


» NH{NO, 
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The system at 2 5° is shownin-Fig. 1 and the data for this system at the 
above temperature is given’ below. 


Composition by Weight. 


Temperature = 25° : ; 
Solution. Rest 

KNO}. NH,NO, KNO, NH,NO; _ Solid phases 
27-1 % 0 % a — KNO3 ‘ . 
19-36 2280 50-22% . 14-25%  KNOs . ae. 
16-56 31-784 58-15 16°31 KNO,; 
22:21 42-83 744 17:8 KNO3, NHyNO3 

16-92 48-20 g'l 721 NH,NO, 

7°33 59°44 4:3 77°2 ‘NH,NO; 

0 68x -- _ NH,4NO; 


It is clear from the above that the system potassium nitrate-ammomium -, 
nitrate-water belongs to the simplest type of teinary system; neither double. 
salts nor salt hydrates occur in it. 


DEPARTMENT OF CHEMISTRY, 
GovVERNMENT COLLEGE, 
LAHORE. Recetved May 3, 1940., 


THE. SULPHONATION OF MONOETHYLANILINE 


By G.,V. Syiro_Kar, I §. Uppar AND K. VENKATARAMAN. 


‘The sulphonation of monoethylaniline and the N-ethylation of p-toluene-sulphc ny1- 
sulphanilic, metauilic and orthanilic acids, has been studied and it has been found thet 
the sulphoniation proceeds exactly as in the case of mcnomethylaniline. 


While preparing certain wetting agents by condensing oleic acid with 
N-methylsulphanilic acid (Dhingra, Uppal and Venkataraman, J. Soc. Dyecs 
& Col., 1936, 52, 91), the constitution of the latter as the para compound wes 
assuined. In view of the somewhat conflicting nature of the existing 
evidence regarding the three monomethylaniliue sulphonic acids, proof cf 
their orientation was later adduced (Uppal and Venkataraman, J. Soc. 
Chem. Ind., 1938, 57, 410). Sulphonation of monomethylaniline leacs 
according to the conditions of sulphonation, to N-methylsulphanilic acid ora 
mixture of this acid and N-methyl-metanilic acid. N-methyl-orthanilic acid 
has been obtained by the methylation of orthanilic acid with dimethyl] sw- 
phate. The three monomethylaniline sulphonic acids are characterised es 
the arylamine salts of their p-toluenesulphony] derivatives, the latter being 
prepared both by treating the monomethylaniline sulphonic acids with 
p-toluenesulphony] chloride and by the N-methylation of p-toluenesuiphonyi- 
sulphanilic, metanilic and oithanilic acids. Halberkann (Ber., 1921, 54, 
1836) established the position of the sulphonic group in N-methyisulphanil c 
acid. by preparing its p-toluenesulphony! derivative and comparing it with 
the product of the methylation of N-p-toluenesulphonylsulphanilic acid. 

Studying the sulphonation of monoethylaniline and the N-ethylaticn 
of p-toluenesulphonyl-sulphanilic, metanilic and orthanilic acids on parall=l 
lines, it has been found that the sulphonation proceeds exactly as in the 
case of monomethylaniline. s 


The preparation of N-ethylsulphanilic acid (I) was described in G.?. 
= ‘ — “HNC 
EHH C »so.H ENC =) HENCE > 
. SO,H S0O,;H 
(I) (II) 


295, 104 (1916); monoethylaniline was slowly added in the cold to sulphuric 
acid monohydrate, followed by the gradual addition of 80% fuming 


444 @. ¥ SHIROLKAR, J, S. UPPAL AND K, VENKATARAMAN 


sulphuric acid, the whole mixtuse being heated at 150-70° for about 
2-~-3 hours, till there was no trace of free base. The m.p. of the substance 
was not quoted. 


In G.P. 48, 1511889) the preparation of N-ethyl-metanilic acid (11) has 
been claimed by direct ethylation of metanilic acid. «Gnehm and Scheutz 
(J. p1. Chem., tgor, ii, 68, 414) prepared the sam acid (II) (decomposing 
at 294°). These authors sulphonated ethylaniline by adding it to double 
the required amount of 25% fuming sulphuric acid and then adding 3 times : 
the weight of 75% fuming acid, the temperature being kept below 50°. 
After dilution and working up in the manner described, (II) was obtained 
in peeeiees the substance -(I) accompanying it in small amounts. a 


” No attempts have beén recorded in the literature regarding the _Pre~ 
paratiox of N-ethyl-orthanilic acid (TIT). iz 


The sulphonation of monoethylaniline with 20%fuming sulphuric acid 
at 185- -g0° leads to a single product, decomposing at 259°, identified as the 
p-acid (I). “When the base is sulphonated at 50°, using 80% fuming , 
sulphuric, acid i in the later stages of the reaction, the product is a mixture 
of the m-acid (IN) (decomp. 286°) and the p-acid (I) (decomp. 259°) (cf. 
Gnehim and Scheutz, loc. cit.). Keeping the temperature, at or below 50°, . 
the’ proportion of the two acids appeared to ‘depend on the strength ‘of the 
sulphuric acid. Under our conditions the formation of the p-acid - 1S 
about twice as much as that of the m-acid, although the actual quantity 
of the pure p- acid isolated is smaller on account of the repeated crystal: 
lisation necessary for complete ‘purification. ‘he course of the reactions 
under the various ‘conditions "described i is, therefore, precisely parallel to 
the course ofethe reactions in the case of monomethylaniline (loc. cit is 


On ethylating onthanilie weld “with diethylsuiphate (cf. Houben and 
Schreiber, Ber., 1920, 58, 2346) the o-acid (III) is obtained (decomp. 
212-13°). "As in the case of the monomethylamiline sulphonic acids, the 
three isomers have, been oriented by an application of Halberkann s 
method (loc. cit.). Bach of the three aniline sulphonic acids is converted 
into its N-p-toluenesulphonyl derivative (e.g. 1V) which is s ethylated with 


meK > S80," ea > }so.8 sa 


(IV) 


diethylsulphate and sodium hydroxide to vicid the corresponding N-ethyl 
derivative (V). - 
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Me Cc S0,-NEt <> }so.n 


(V) + 


The , three N-ethylaniline-sulphonic acids have been condensed w ith 
+: toldenesulplionyl chloride and the products compared with those referred 
to above. As the free acids are not readily isolable the actual comparison 
made is of the arylamine salts (Forster and Keyworth, J. Soc. Chem. Ind., 
1924, 48, 1651), the p-chloroaniline salt being convenient to use. 


. 


ExPEKERIMENTAL. 

-N-Ethvlsulphanilic Acid -(I).—To fuming’ sulphuric acid (20%; 150 g9 
contained in a 200 c.c. wide-mouthed round-bottomed flask fitted with an air 
condenser and a calcium chloride tube, monoethylaniline (50 g.) was slowly 
added through the condenser and the mixture heated in an oil-bath at 1007 
for 4 hours. The dark coloured mixture, after cooling, was gently poured 
into ice-cold acetone (2 litres) with occasional stirring and kept in .the 
refrigerator overnight. ‘The dark solid mass (65g.) was collected at the 
pump ‘and washed with more of acetone, till the filtrate was practicall7 
colourless. : : .- 


The crude product was recrystallised (Norit) from the minimum amourt 
of water (about 200 c.c.), filtered at the pump, washed with Water till free 
from sulphuric acid and dried at 110°, m.p. 259° (decomp.). The finel 
yield was‘ 22g. Much of the acid dissolved in cold-water during the 
removal of. sulphuric acid.- The pure product after further recrystallise- 
tion eon aie the amount of water had unchanged m.p. 

N- Bihylinetanilic Acid (II).—The method followed was the. same és 
in the case of N-methyl-metanilic acid (toc. cit.j). Monoethylaniline. (so g ) 
was added slowly to ice-cold and inechanically agitated fuming sulpheric 
acid (20%,-100 g.) at such a rate that the temperature of-the reaction 


_inixture did- not rise above 50°. When the whole of the ethyianiline 


had beed added, the temperature was raised to - 60° which wes 
maintained for 15 minutes. _The flask was again externally..cooled emi 
fuming sulphuric acid (80%, 150g.) wasrun in, keeping the temperature 
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below 4o°. The inixture was kept at this temperature for about 30 
miuutes (till it gave a clear-solution in alkaline water) and then poured with 
stirring into ice-cold acetone (2 litres) and kept overnight. in the refri- 
gerator. The yellow solid (66 g.) was filtered at the pump, washed with 
acetone and dried at 110°. The crude product was recrystallised from 
water (Norit), collected on the pump, and washed with ice-cold water till 
free’ from sulphuric acid, colourless crystals, m.p. 252°, (decomp.) 
yield 36.g. After recrystallisation from i120 c.c. of water at room temper- 
ature, 16g. of crystals (decomp. at 286°) were obtained, and on further 
recrystallisation the m.p. remained unchanged. 


On concentrating ail the, mother-liquors and recrystallising the solid 
obtained therefrom, 30g. of the product free from sulphuric acid and 
decomposing at 247° were obtained ; this product on repeated fractional 
crystallisation giving 8 g. more of the ethyl-metanilic acid (decomp. 
280°). From the mother-liquor 15 g. of ethylsulphanilic acid were re- 
covered. Its identity with the ~-acid obtained in the previous experiment 
was proved by conversion in to the -toluenesulphonyl derivative and its 
p-chloroaniline salt (vide infra). 


N-Ethyl-orthanilic Acid (11I).—Orthanilic acid (5 g.) and sodium.car- 
bonate (1°6 g.) were dissolved in warm water (20 c.c.) and the solution 
shaken with diethylsulphate (8 ¢.c.). The mixture was heated on.the 
water-bath for 1 hour and the clear red solution concentrated toa small 
bulk and cooled. The precipitate (2 g.) was collected and washed with 
alcohol. On recrystallisation from water the product melted at 212-13° 
(decomp.). Purity by titration, 99'9%). 


p-Chloroaniline Salt (V1) of p-Toluenesulphonyl-N-ethylsulphanilic 
Acid (V)-—N-Ethylsulphanilic acid (5 g., decomp. 259°), p-toluenesuipho- 
nyl chloride (4°8 g.) and pyridine (15 c.c.) were heated together in an oi!- 
bath at 140° for 3 hours. The mixture was then dissolved in water and 
neutralised with caustic soda solution (33'9 c.c. of 1°8N), the pyridine boiled 
off and the soiution reduced to a sinall bulk. On acidifying with hydrochloric 
acid and cooling, the product which separated was collected and crystallis- 
ed from alcohol. It was then converted into the p-chloroaniline salt by 
the addition of p-chloroaniline hydrochloride, the precipitated salt 
filtered at the pump and washed with cold water to remove traces’ of 
hydrochloric acid and free p-chioroaniline hydrochloride. Tche m.p. was 
217-18° after drying at1ro°. (0°1572 G. required 3°2 c.c. of N/10-caustic 
soda, Calc. 3°25 c.c. : purity 98°5%!- 
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Ethylation of p-Toluenesulphonylsulphanilic Acid (IV).—The pyridire 
salt (6 g.) of -toluenesulphonylsulphanilic acid was neutralised with 
sodium hydroxide (phenolphthalein), the pyridine boiled off, and tke 
residue cooled and shaken with diethylsulphate (5 c.c.) for about ro 
minutes. The mixture was then heated on the water-bath and ‘treated 
alternately with 10% sodium hydroxide solution and diethylsulphate t:11 
ethylation was complete. On cooling : nd acidifying the reaction mixtu-e 
with hydrochloric acid no precipitate separated, and the product was is>- 
lated as the p-chloroaniline salt by adding p-chloroaniline hydrochlorid>. 
The m.p. of the crystallised product and the mixed m.p. with (VI) wes 
217°. (o°'1894 G. required 3'9 c.c. of N/x1o-caustic soda solution Calc. 3'a2 
c.c. ; purity 99°5%). 


p-Chloroaniline Salt of p-Toluenesulphonyl-N-ethyl-metanilic Acid.—MN- 
Ethyl-metanilic acid was condensed with p-toluenesulphonyl chloride ard 
the p-chloroaniline salt (VII) isolated directly as above. The m.p. was 121°. 
(o’2412 G. required 5 c.c. of N/1o-caustic soda. Calc. 5 c.c. ; purity 100%.) 


Ethylation of p-Toluenesulphonyl-metanilic Acid.—The condensaticn 
mixture of metanilic acid (5 g.) and p-toluenesulphonyl chloride (5'5 ¢.) 
was neutralised, the pyridine removed as usual and the mixture ethylated 
with diethylsulphate (25 c.c.) and caustic soda solution (10%, 150 c.c.) as 
in the ethylation of -toluenesulphonylsulphanilic acid, and finally the 
product was isolated as the p-chloroaniline salt. On adding -chloroanilime 
hydrochloride, an oily mass settled down, which, on standing for some 
time in the refrigerator, solidified. o°1428 G. required 2°95 c.c. of N/10- 
caustic soda solution. Calc. 2°96 c.c. ; purity 99 6%. The Salt melted at 
111° (mixed m.p. with VII was 111°). 


p-Chloroaniline}Salt of p-Toluenesulphonyl-N-ethyl-orthanilic Acid — 
On condensing N-ethyl-orthanilic acid with -toluegesulphonyl chloriée 
as above, and converting into the -chloroaniline salt, the latter, after 
recrystallisation, melted at 181-83°. 


Ethylation of p-Toluenesulphonyl-orthanilic Acid —The sodium salt of 
p-toluenesulphonyl-orthanilic acid (2 g.) was dissolved in a small amourt 
of water and ethylated with diethylsulphate (x5 c.c.) and caustic soda solt- 
tion {10%, 40 c.c.) heating the mixture on the water-bath for 90 minutes, 
The mixture was cooled and acidified with hydrochloric acid, but no 
product separated. On adding excess of -chloroaniline hydrochlori¢e 
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solution, the oily mass, which first separated contained the unethylated 
substance, as it did not give a sharp end-point when titrated against 
caustic soda solution. On keeping the mother-liquor overnight in the 
refrigerator, the N-ethyl derivative, giving a sharp end-point, was obtain- 
ed. 0°1338 G. required 28c.c. of N/1o-caustic soda solution. Calc. 2°8 
c.c. It melted at 183°, undepressed by admixture with the previously 
prepared substance. 


We wish to thank the University of Bombay for a research fellowship 
awarded to one of us. 
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CHEMOTHERAPY OF MALARIA. 6-METHOXYQUINOLINE- 
8-HYDRAZINE AND SYNTHESIS OF SOME HETERO. 
CYCLIC COMPOUNDS FROM IT.* 


By B. K. Nanpz. 


Starting from 6-methoxyquinoline- 8-hydrazine a few heterocyclic compounds e¢ £., 
thiazole, benzopyrrole, pyrazolone and a pyrrole have been prepared. Some of the 
compounds have been found to be ineffective against avian malaria, 


lasmoquine, synthesised by Schulemann e¢ al (Klin. Woch.,1932, 9; 
381), is a 6-methoxy-8-aminoquinoline derivative. Several derivatives of this 
substance have been made with different side-chains to find out a more 
suitable antimalarial drug with less toxicity. In this paper 6-methoxy-3- 
aminoquinoline has been converted into 6-methoxyquinoline-8-bydrazine by 
following the method described by Dufton (J. Chem. Soc., 1891, 59, 757 ; 1892, 
61, 785). This quinolylhydrazine is then condensed with various ketones, 
thiocyanate, etc. giving a thiazole, benzopyrrole, pyrazolone and a pyricle 
derivative. Thus by the interaction of 6-methoxyquinoline-8-hydrazine 
with potassium thiocyanate 6-methoxyquinoline-8-thiosemicarbazide is 
obtained which after condensation with w-bromo—acetophenone gives 
2-(6'-methoxy-8'-hydrazinoquinolyl)-4-phenylthiazole (I, R=methoxy quin- 
olyl. cf. Bose and Nandi, J. Indian Chem. Soc., 1930, 7, 733), ‘The conden- 
sation with cyclohexanone and subsequent treatment with dilute sulphuric 
acid gives 6!-methoxyquinolino-(7': 8/:2:3)-tetrahydrobenzopyrrole (113 
(Borsche, Witte and Bothe, Annalen, 1908, 359, 49). Similarly the condensa- 
tion product with ethyl acetoacetate is (cf. Knorr, Annalen, 1887, 238, 147) 
1-[8/-(6/-mmethoxyquinoly]) ]-3-methyl-5-pyrazolone (UI), A pyrrole syn: 
thesis has been effected by condensing the quinolylhydraziné with pyruvie 
acid and the product on treatment with concentrated hydrochloric acid 
gives 6'-methoxyquinolino-(7’: 8/: 2 : 3)-pyrrole-5-carboxylic acid (IV) with 
remarkable ease (Dufton, J. Chem. Soc., 1892, 786). The quinolylhydrazine 
has also been condensed with potassium cyanate and dl-arabinose to make 
respectively 6-methoxyquinoline-8-semicarbazide and 6-methoxy-8-quinolv]- 
hydrazone of arabinose. 
Some of these compounds have been tested against avian malaria ~ 
without any effect. Only 6-methoxyquinoline-8-hydrazine retains sone 


* The work was partially carried ont under the auspices of the Indian Research Fund 
- Association. = . 
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activity against paramaecia which ‘is, however, decidedly weaker than 
6-methoxy-8-aminoquinoline. 


MeO 
ree. 


cH, | 


NO oe re 
(0) 5 >| 


(II) 


8 
R—NH—-NH—C /\CH 





N.R 
HN co 
R=methoxyquinolyl, MeO/“\_“”~>,. 


MeC—CH - | 
(111) | oN 


MeO 
HC/ 


HOOC'C NH 
(IV) 


. “EXPERIMENTAL. 

@ . f 
* 6-Methoxyquinoline-8-hydrazine.—6-Methoxy-8-aminoquinoline (20 g.) 
in hydrochloric acid (x00 c¢.c., 22%) was diazotised at 0° with sodium 
nitrite (95 g.). The diazotised solution was quickly filtered and left 
at o°. ‘The stanno-chloride of the hydrazine was at once precipitated 
when 75 g. of stannous chloride in hydrochloric acid were added. After 
keeping for an hout in the’ cold the precipitate was collected and 
dissolved in sufficient boiling water and thé tin precipitated by hydrogen 
sulphide. The filtrate was evaporated down considerably and the free 
hydrazine was precipitated by sodium hydroxide. It crystallised from hot 
water in fine, long slender needles, -m.p. 67°. (Found: C, 63-11; H, 5°93; 

N, 22°40. CioHi,ONs requires C, 63°48; H, 5°82; N, 22:22 per cent). 
1-(6'-Methoxyquinoline)-8'-thiosemicarbazide.—Equimolecular _ propor- 
tions of 6-methoxyquinoline-8-hydrazine and potassium thiocyanate 
were dissolved in dilute hydrochloric acid and water respectively. After 
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the addition of thiocyanate solution to the former, the mixture was boiled 
for 15 minutes. After cooling, the solution was made alkaline with 
sodium hydroxide and the thiosemicarbazide collected and crystallised 
from alcohol, m.p. 259-61° (Found: N, 22°51; S, 12°67. CiH.ON.S 
requires N, 22°58; 5, 12°90 per cent). 

2- (6'-Methoxy-8'-hydrazinoguinolyl ) - 4 -phenylthiazole. — 6- Mcthoxy- 
quinoline- 8-thiosemicarbazide (6 g.) and w-bromoacetophenone (5 g.) were 
dissolved in alcohol and heated under reflux on the water-bath for about 
14 hours. The solution was then made strongly alkaline with sodium 
hydroxide and the precipitated thiazole collected, washed well with water, 
and ‘crystallised from alcohol, m-p. rat-24°, yield 20%. (Found: N, 
16°31; S$, 8-88. C,H isON.S requires N, 1609; S, 9°19 per cent). 

6-Methoxyquinoline-8-hydrazone of cycloHexanone.—6-Methoxyquino- 
line- 8-hydrazine (4 g.), dissolved in glacial acetic acid {ro cc.) and 
dijuted to 30 c.c., was mixed with a solution of cyclohexanone (2 g.), 
dissolved in g0 c.c. of alcohol, when an oil separated. After warming on 
the water-bath fora few minutes it was allowed to stand, when the oil 
solidified on scratching. The product crystallises from dilute alcohol in 
shining pale green needles, m.p. 91°. (Found: N, 15°76. CsH,,ONs 
requires N, 15-61 per cent). 

6'-Methoxyquinolino-(7':8':2:3)-tetrahydrobenzopyrrole.—The 6-methoxy- 
quinoline- 8-hydrazone of cyclohexanone passes easily into the benzopyrrole 
on heating in dilute sulphuric acid for a few minutes on the water- 
bath. The yellow sulphate of the benzopyrrole was suspended in 
water, made alkaline and extracted with ether in which it dissolves 
on prolonged shaking. On slow evaporation of ether the benzopyrrole 
crystallised out in-colourless plates, m-p 181-82°. The “sulphate af 
the benzopyrrole is fluorescent in alcohol and chloroform. The hydrochloride 
of the base was obtained as yellow crystals by passing hydrogen 
chloride in ethereal solution, m.p. 256-59°. (Found: C 75-97; H 625; N, 
rz28. Ci.Hi.ONz requires C, 76-19; H, 6°34; N, rr-rr per cent). 

1- [8- (6'-Methoxyquinolyl)]-3-methyl-5-pyrazolone.-~A mixture of 
6-methoxyquinoline-8-hydrazine (3-2 g.) and ethyl acetoacetate (2-8 g.) 
was heated on the steam-bath for 2—-3 hours. The deep coloured product 
solidified ou cooling and scratching and was crystallised from ligroin (b.p. 
80-110°), m.p. 72°. This crystallised product was then heated on the 
steam-bath for nearly 8 hours when it was converted into the pyrazolane. 
The pyrazolone also crystallised from ligroin, m.p. 135°. (Found: C, 
65:72; H, 4°68; N, 16-39. CjsHisO2Ns requires C, 66:14; H, 4°72; N, 
16°53 per cent). 
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6'-Methoxyquinoline- (7': 8':°2:3)  -pyrrole-5-carboxylic Acid.—On 
adding pyruvic acid to a concentrated aqueous solution of 6-methoxyquino- 
line-8-hydrazine hydrochloride in molecular proportions, the mixture became 
almost solid due to the separation of the hydrochloride of the pyruvic acid 
hydrazone This substance was crystallised frome water. The pyrrole 
condensation takes place with remarkable ease when the pyruvic acid 
quinolylhydrazone was boiled for about an hour with concentrated 
hydrochloric acid. The liquid darkened and became filled with yellow 
crystals of the hydrochloride of the pyrrole acid. The free acid was preci- 
pitated by making the aqueous solution of the hydrochloride neutral to 
litmus or by diluting the aqueous solution considerably. It was then 
crystallised by dissolving in water with a little ammonia and allowing to 
evaporate in a dish on the water-bath. As the ammonia was driven off, 
the acid crystallised in beautiful yellow needles, m.p. 197-98°. It is 
sparingly soluble m alcohol. (Found: C 64°07; H, 432; N, 11-44. 
CysH .OaN 2 requires C, 64°46; H, 4:13; N, 11°57 per cent). 

1- (6’-Methoxyquinaline)- 8'-semicarbazide (cf. Dufton, loc. cit.).—The 
precipitate, as obtained following Dufton, was dissolved in water and the 
solution made alkaline. The free semicarbazide was crystallised from 
alcohol, m-p. 236-39° (softening from 225°). (Found : N, 23°95. Ci:Hi.0.N, 
‘requires N, 24°13 per cent). : 

6-Methoxyquinoline- 8-hydrazone of Arabinose.—6-Methoxyquinoline- 
8-hydrazine (0-5 g.), dissolved in dilute acetic acid (5c.c.), was mixed with 
an aqueous solution of arabinose (0-45 g.) and the mixture warmed on the 
water-bath for a few minutes. The hydrazone separated on scratching and 
was crystaleised from water in pale green needles, m.p. 140°. (Found: 
N, 12°87. Ci;HisO,Nz requires N, 13-08 per cent). 

My best thanks are due to Lt.-Col. S. S. Sokhey, I.M.5., Director, 
Haffkine Institute and Dr. B. B: Dikshit, M.R.C.P., D.P.H., Ph.D. for 
their kind interest in the work. 
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SYNTHETIC INVESTIGATIONS ON DEGRADATION PRODUCTS 
OF BILE ACIDS, SEX HORMONES, Etc. PART Il. 
A SYNTHESIS OF KETO-DEOXY- 
OESTRIC ACID. 


By D. K. BANERJEE. 


By the extension of the method for the preparation of 7-methyl-o :3 *3-bicyclo-octanone, 
a synthesis of 9-keto-deoxyoestric has been described. Itis interesting to note that the 
above method can be suitably applied for the synthesis of 1 :2-di-substitnted phenanthrenes. 


In a previous paper (J. Indian Chem. Soc., 1940, 17, 423) a method for 
the synthesis of 7-methyl-o : 3: 3-bicyclooctane-r-one has been described, 
where the truns-form of the above compound has been found to predomi- 
nate: ‘The locking of the fused ‘carbon rings in the 8-methylhydrindan-1- 
one portion of the sex hormone molecules is believed to be trans. It, there- 
fore, appeared to be of interest to investigate the results of application 
of asimilar method for the synthesis of simple 8-methylhydrindan-1-one. 
All the synthetical methods (Chuang, Tien and Ma, Ber., 1936, 69, 1494 ; 
Kon, Linstead and Simons, J. Chem. Soc., 1937, 814 ; Robinson and Walker, 
ibid., 1937, 60, 1160), so far described by difierent workers for its prepara- 
tion, have led to the formation mainly of the cis-isomeride (cf. Linstead, 
Millidge and Walpole, J. Chem. Soc., 1937, 1142; Linstead and Millidge, 
ibid., 1936, 480). But the fact that isolithobilianic acid and allo-isolithobili- 
anic acid, which differ only in stereochemical confiiguration, give rise an 
thermal decomposition to two diflerent pyro-acids and desoxopyro-acids 
(Windaus, Hiickel and Reverey, Ber., 1923, 56,91; Windaus, Annalen, 
1926, 447, 233, 240) and further a recent synthesis of equilenin from a trans- 
dicarboxylic ester by Bachmann, Coie and Wilds (J. Amer. Chem. Soc., 
1939, 61, 974) must be considered as very encouraging, ° 

An examination of the tricarboxylic ester (111), which was prepared by 
the condensation of ethyl cyanoacetate with ethyl y-acetylbutyrate accord- 
ing to the method of Cope (J. Amer. Chem. Soc., 1937, 99, 2327) followed 
by the addition of hydrocyanic acid to the unsaturated cyano-ester (I) by the 
method of Hope and Sheldon (J. Chem. Soc., 1922, 121, 2223) and subsequent 
hydroiysis and esterification of the resulting dicyano-ester (II), made it evi- 
dent that on cyclisation it could give rise to three different cyclic compounds 
(IV, R=H; R/=COgEt), (V) and (VI). 
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Actual cyclisation of (III) has- now been effected and investigations, 
which are in progress to determine the manner in which the ring-closure has 
taken place, will be the subject of a future communication. 

Meanwhile it seemed quite obvious that if the C-atom marked (*! in the 
tricarboxylit ester (IIT) be substituted then the ring-closure can take place 
in only one way and the product (VII) can be expected to give rise to a 
compound of the type (VIII) by following similar reactions as employed in 
the case of 7-methyl-o-3 : 3-bicyclooctane-1-one (loc. cit.), 


CH, Me “CH, Me 
Kh oe fn 
HeC  C—COsEt CH, C—co 
RCH  CH'COsEt RCH CH CH, 
SZ a ee 
CO CH. CHy 
"(vIn (vin, 


Further if R in (VII) be phenyl or a p-methoxyphenyl group then the 
sodio-salt of the 8-ketonic ester (VII) on-condensation with ethyl bromo- 
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-acetate or with ethyl f-chloron=-zionate followed by hydrolysis and esteri- 
fication should give rise to keto-esters of the types (IV, R = |, X=H 


OH or OMe; R/=CH,'CO2Et or cH) 'CHe'COoE?), which by the appli 
cation of Cook’s method of phenanthrenel synthesis (J. Chem. Suc., 1936, 76. 
should result in the formation of the dicarboxylic acids IX, R=H, OH or 
OMe; R’=COoeH or CHe"CO.H), 


Me 

a \to.8 

Spe 
Lf 


RY \*% 
(IX) 


Robinson has suggested the uames oestric acid and homooestric acid for the 
above two dicarboxylic acids, which were first obtained by Marian and 
Haslewood (J. Soc. Chem. Ind., 1932, 51, 2777; cf. MacCorquodale, Thayer 
and Doisy, J. Biol. Chem., 1933, 99, 327) from oestriol and by Bardhar 
(J. Chem. Soc., 1936, 1848), from o-methyloestrone respectively. Later botk 
of these were prepared by Robinson (J. Chem. Soc., 1938, 1997) by different 
methods. A synthesis of isomeric mixture of o-methyloestric - acid has alsc 
been described by Robinson and Walker (ibid., 1938, 183). 

In the present communication a synthesis of keto-deoxyoestric acid 
(XVI) on the above lines, has been described. Considerable ‘Drogress hag 
also been made in the synthesis of oestric acid and the homo-oestric acid. 
starting with the p-methoxypkens1 compound-and this will be the subject of 
the next communication. 

Sodio-ethy! phenylcyanoacetate has been condensed .with B- 2 chloroethy- 
methylketone to yield ethy] a-cyano-«-phenyl-y-acetylbutyrate (X), which is 
hydrolysed when a-phenyl-y-acetylbutyric acid (XI) is obtained asa liquid. 
The ethy! ester of the above acid is condensed with ethyl cyanoacetate as 
before to yield the unsaturated cyano-ester (XII). -On addition of hydrogen 
cyanide to (XII), the dicyano-ester (XIII) is obtained as an extremely 
viscous liquid. This is hydrolysed in the crude state to yield o-phenyl-#- 
methyl-3-ca1boxypimelic acid (XIV), the triethyl ester of which undergoes 
cyclisation by sodium in benzene solution. The resulting (-ketonic ester 
(IV,R=Ph; R’ = COgEt) couid not, however, be distilled in vacuum 


5 7 
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without decomposition, so that .the sodio-salt of the above (-ketonic 
ester formed-by Diekmann’s condensation is treated with ethyl bromoacetate 
in the crude state and in another experiment potassium salt of the same 
8-ketonic ester, which is somewhat decomposed during distillation, has been 
condensed with ethyl 8-chloropropionate, and in each case the resulting 
crude product is hydrolysed and subsequently esterified to yield ethyl 
1-keto-3-methyl-3-carbethoxy-6-phenylcyclohexane-2-acetate (IV,. R=Ph; 
R’=CHez CO2Et) and ethyl 1-keto-3-methyl-3-carbethoxy-6-phenyl-cyclo- 
hexane-2-8-propionate (IV, R=Ph; R'=CH.'CH. CO2Et) respectively 
together with some ethyl 3-nethy1-6-phenylcyclohexanone-3- carboxylate 
in the lower boiling fractions. The diester 1V, R=Ph; R’=CH, CO2Et) 
is treated with zinc wool and ethyl bromoacetate in toluene solution. 
The analytical data and molecular weight determination of the higher 
boiling fraction of the resuiting product show that it consists mainly 
of the unsaturated ester (XV). The above compound on ireatment with 
an exeess of red phosphorus and hydriodic acid yields a resinous un- 
crystallisable acidic product, which undergoes cyclisation with elimination 
of water by means of concentrated sulphuric acid to give the keto-dibasic 
acid (RVI) asathick gum. ‘The above acid, however, gives a semicarba- 
zone, Which after crystallisation from dilute methyl alcohol remained 
somewhat coloured and melted at 165-75°. 


CH.'CH»°CO’CHs 3 . CH.’CH,’CO'CH3 
Ph'C(CN)‘CO3Et sae Ph'CH'COszR. | > 
: [R=H or Et] 
(X) (XI) 
e 
CHa Me CH. Me 
x xX 
CHa C=CI(CN)'COsEt CH CCN 
Ph‘CH'CO Et —> Ph'CH'COsEt CH'(CN)‘COgEt —> 
(XI) (XIU) - 
CH2 Me : 


Te mete 
PhCH CHyCO2.R 
‘ \CO2R 
: [R=H or CoH;] —> (XV). 


(XIV) Tee eae, 
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: EXPERIMENTAL 

Ethyl 1-cyano-2-methyl-A*-pentene-1 : 5-dicarboxylate (I).—Ethyl-~- 
acetyl butyrate (67 g.), ethyl cyanoacetate '46 g.), acetamide (9 g.) and 
glacial acetic acid (100 ¢.c.) (cf. Cope, loc. cit.) were taken in a Claisen s 
flask and slowiy distilled. A little more than rooc.c. of a distillate wes 
collected in course of 6 hours, the temperature of the distilling vapours berg 
kept between troand 115°. The reaction product was taken up if ether 
and the ethereal - solution well washed ‘with water. The ether wes 
removed and the residue fractionated, and the unsaturated cyano-ester 
(7o- g-) collected at 175-78°/7-5 mm. or 155-60°/3. mm.*(Found: %, 
5°8. CisH,.O.N iequires N, 5-53 per cent). , 


Diethyl 1:2~-Dicyano-2-methylpimelate (I]).--A solution of potassiu n 
cyanide (38 y ) in water (206c.c ) was slowly added to a‘solution of the 
above unsaturated cyauc-ester (75 g.) in aicohol 300 c.c.) and water 
(15c.c). ‘The clear mixture was cooled in ice-water and treated wih 
hydrochloric acid (d 1-15, 46-5 ¢.c.) diluted with water (32 c.c.) and left 
at the ordinary temperature for $ hour. It was then acidified with dilute 
hydrochloric acid. The dicyatio-ester, vhich separated asa thick od, 
was extracted with ether. The ethereal layer was washed with water, 
dried, the ether removed and the residual oil distilled at 
192-93°/4 mm., yield 69 g- (Found: N, 10-2. C,,H.,O0,N, requises 
N, 10-o per cent). 
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Dwthyl 2-Methyl-2-carbethoxypimelate (III).—The dicyono-ester (Ii) 
(54 g.) was hydrolysed by boiling with concentrated hydrochloric acid 
(380 c.c.) for 12 hours when a clear solution resulted. The crude tri- 
carboxylic acid (25 g.) was obtained by repeatedly extracting the above 
acid solution, saturated with sodium chloride, with ether and after subsequent 
evaporation of the well-dried ethereal solution it was esterified by refluxing 
with a mixture of absolute alcohol (250 c.c.) and sulphuric acid (d 1°84, 
40 c.c.) for 36 hours Ice-water was added to the cooled solution 
and the precipitated oil was taken up in ether. The ethereal layer was 
washed with water, sodium bicarbonate solution and then again with water 
and finally dried. On removal of ether, the residue boiled at 168°/6 min. 
or 154-55°/3-5mm., yield 26 g. (Found: C, 59-4; H, 85. CysHacOs 
requires C, 59:6; H, 8-6 per cent). 

Cyclisation of the Tricarboaylic Ester (I1I).—-A mixture of sodium dust 
(3:8 g.) diethyl 2-methyl-2-carbethoxypimelate (25-3 g.) in benzene (75 c.c.) 
was refluxed for 4 hours on the water-bath, when the whole of the sodium 
went into solution. The reaction mixture, on cooling, was acidified with 
cold dilute hydrochloric acid “The benzene layer was separated, washed 
with dilute sodium bicarbonate solution and then with water and dried. 
The benzene was removed and the residue distilled at 156°/7 mm. or 
140-42°/4 mm. (Found: C, 61-2; H, 76. CisHeoOs requires C, 60-94; 
H, 7-8 per cent). 


Condensation of B-Chloroethylmethyl ketone with Sodio-ethylphenyi 
cyanoacetate.—B-Chloroethylmethyl-ketone was prepared, according to the 
method described in B, P. No 282,412 (Scherring-Kahlbaum) from ethylene 
and acetyl chloride in presence of alumininm chloride. Ethyl phenyl- 
cyanoacetate “was prepared by condensation of diethyl carbonate with 
benzyl cyanide (Hessler, Amer. Chem. J., 82, 120). Ethyl phenylcyanoacetate 
(99 g.) was slowly added to a suspension of sodium dust (12-2 g.) in dry 
benzene (300 c.c.) in the cold and the mixture left overnight. The mixture 
was refluxed on the ,water-bath with @-chloroethylmethyl ketone (60 g.) 
for 24 hours, at the end of which period the reaction mixture was 
cooled and treated with water. The benzene layer was separated, washed 
with water, and dried. The benzene was removed and ethyl o-cyano-a- 
phenyl-y-acetyl butyrate (X) (115 g.) was collected at 172-75°/5 mm. 
(Found : N, 5-5. CisHi,03N requires N, 5-4 per cent). : ~ 


The semicaybazone, prepared in the usual manner, on crystallisation 
from ethyl alcohol melted at 154-55°. (Found: N, 17:9. CisH2.OsNy 
requires N, 17-7 per cent). 


SYNTHESIS OF KETO-DEOXYOESTRIC ACID 459 
t 


e 

a-Phenyl-y-acetyibutyric Acid (X¥).—The above ' ketocyano-ester 
(112 g.) was refluxed with concentrated bydrochloric acid (380 c.c.) for 
20 hours.- The keto-acid, which separated as an oi], was extracted with 
ether. The ethereal layer was treated with sodium bicarbonate solution, 
the alkaline solution acidified and the liberated oi] extracted with ether 
The ethereal layer*was dried and after removing ether o-phenyl-y- 
acetylbutyric acid was collected at 195-97°/6 mm., yield 7og 
(Found: C, 694; H, 7-2. Ci2H,O, requires C, 69:9: H, 6-8 per cent), 

Ethyl <Phenyl-y-acetylbutyrate was obtained by refluxing o-phenyl-y- 
acetylbutyric acid (65 g.) with absolute alcohol (150 ¢.c.) and sulphuric acid 
(d 1-4, 8¢.c.) for 12 hours. The ester was worked up in the usual manner 
and was collected at 143-45°/4-5 mm., yield 67 g. (Found. C, 72-1; H, 7-7 
€,,H,,0; requires C, 71-8 ; H, 7-7 per cent). 


The semicarbazone, prepared in the usual manner, on crystallisation 
from dilute ethyl flcohol melted at 119-20°. (Found: N, 14-3. C);H2,0;N; 
requires N, 14-4 per cent), es 


Ethyl 1-Cyano-2-methyl-5-phenyl-A'-pentene-1:5-dicarboxylate (XII).— 
A mixture of ethyl a-phenyt-y-acetylbutyrate (29 g.), ethyl cyanoacetate 
(14 g.1, acetamide (5 g.) and glacial acetic acid (55 c.c.) was slowly distilled 
as described before. On working up the reaction product in the usual 
manner, the unsaturated cyano-ester distilled at 200-8°/4 mm., yield 31 g. 
(Found: N, 4°4. CrpE.s30,N requires N, 4°26 per cent). 


a-Phenyl-6-methyl-8-carborypimelic Acid (XIV).—The  uusaturated 
cyano-ester (XII) (31 g-) in aqueous alcohol (120 c.c., 95%) was treated 
with a solution of potassium cyanide (13 2.) in water (7@c.c.). The 
product on cooling was further treated with hydrochloric acid (d re, 
16c.c.) diluted with.1rc.c. of water in the same way as described 
before. After ailowing the whole reaction mixture to stand for 4 hour 
at the ordinary temperature, it was acidified with 300 c.c. of dilute 
hydrochloric acid. The precipitated oi] was extracted with ether. Oa 
removal of ether the crude residue, consisting of the dicyano-ester, wes 
hydrolysed by refluxing with concentrated hydrochloric acié (300 c.c.) fcr 
50 hours. Even when the mixture was hot, most of the tricarboxylic acid 
remained as an insoluble viscous gum at the bottom, but on cooling a small 
quantity of the tricarboxylic acid separated in the solid state from tke 
clear, supernatant solution. The latter was separated and crystallised from 
dilute alcohol, m.p. 169-71°. (Found: C, 61-4; H, 62; Equiv., 98. 
CisHisO. requires C, 61'2 ; H, 6-1 percent. Eguiv., 98). 
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“Diethyl "a-Phenyl-d-methyl-b-carbethovypimelate. —The ciude gummy 
acid, which separated in the above experiment from the hot liquid, 
was taken up in ether, the ethereal solution was dried with freshly 
ignited | sodium sulphate The residue (18 g.), obtained on evaporation 
of the ether, was esterified by refluxing with absolute alcohol (200 c.c.) 
and ‘sulphuric acid (dr 84, 28 c.c.) for 36 hours. The reaction mixture 
was’ workéd up in the usual manner and the triethyl ester on 
distillation boiled at 202-4°/5 mm. (Found: C, 669; H, 7-9. sca 
requires C, ‘66-7 5 Hy, 7-9 percent). ‘ ’ 


: 3-Dicarbeth oxy-3-methyl- Sopher (IV, R=Ph; R’= 
co. eee he tricarboxylic ester (19 g.) in dry benzene (100 c.c.) was refluxed 
with sodium dust (2°3 9.) for 6 hours on the water-bath. The reaction 
mixture on cooling was worked up in the usual manuner,the product distilled 
as a viscous oil (7 g.) at 195-97°/'5 mm with some decomposition, It gives 
a deep violet colouration with alcoholic ferric chloride. From the analytical 
data it has been concluded that the above product consists mainly of the B- 
ketonic ester contaminated with a smail quantity of the keto-ester (IV, 
R=Ph; R’=H) formed by decomposition during distillation. (Found ; 
C., 69°9, 705; H, 7:2, 7°. C1sH240s requires C, 687; H, 7:2 per cent. 
CreHa0Os requires C, 73°8; B77 per cent). 

a 1 

3-Methyl-3-carbethoxy-6-phenylcyclohexunone, Ethyl-1-keto-3-metliyl-3- 
carbethoxy-6-phenylcyclohexane-2-acetate and Ethyl 1-keto-3-methyl-3-car- 
bethoxy-6-phenylcyclohexane-2-propionaie——For the condensation of the 
B-ketonic ester (IV, R=Ph : R’/=CO,Et) with ethyl bromoacetate and ethyl 
8-chloropropeonate, experiments were carried out in the following manier. 
1V (R=Ph; R’=COe Et) (55 g-) was refluxed with sodium dust (6-7 2g.) in 
dry berizene (150 c.c.) for 8-9 hours on the water-bath, the reaction mixture 
was cooled and treated with ice-cold dilute hydrochloiic acid, the benzene 
layer separated, washed with sodium bicarbonate solution and watei, dried 
and benzene removed, the crude product (35 g.) was then treated with sodium 
dust (2.4 g.) in benzene suspension and -then ethy] bromoacetate (20 g.) 
was added to it and the whole was. refluxed for 24 hours on the water-bath. 
Water was:added to it after cooling and the Jayer was separated, washed with 
water, dried and benzene removed. . The crude product was hydrolysed 
by boiling with concentrated hydrochloric acid (300 c.c.) for-30 hours. ' The 
acid mixture was cooled and the acidic products extracted with ether. 
‘The ethereal solution was dried and the gummy residue left on evaporation 
of ether was esterified by refluxing with absolute alcohol (100 c.c.) and 
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sulphuric acid (zo c.c.) foe 24 hours, on a boiling water-bath. The este- 
mixtures were worked up in the usual manner and fractionated unde- 
reduced pressure, when 10 g. of 3-methy]-3- -carbethoxy-6-pheny|cyclo- 
hexanone, b. p. 182-87°/6 mm., was obtained. (Found : C, 73.5; H, 8.1 
CisH29Os requires c, 73.8; H, 7.7 percent). ; 


- The seuieuabacone was crystallised from ethyl alcohol and melted az 
175.5-176.5°. (Found: N, 13°7- CyzyH230,N; requires N, 13:3 per cent). Abou: 
6 g. of ethyl x1-keto-3-methyl-3-carbethoxy-6-phenylcyclohexane-2-acetate, 
bp. 180-86°/2:5 m.m., were also obtained. (Found : C, 60,6; H, 7.5 
CooHa.0, requires C, 69.36; H, 7.5 per cent). 


In another experiment 7 g. of the substance, which mainly consisted 
of (IX, R=Ph; R’=CO, Et) contaminated with (IV, R=Pb; R'=H) 
were treated with finely divided potassium (0-82 g.) suspended in xylen2 
in the cold and left overnight when most of the potassium passed into 
sotution. Ethyl @-chloropropionate (3 g.) was added and the solutioa 
refluxed for 24 hours. On working up in the usual manner and 
proceeding in a similar way with the crude product as before, the 
keto-ester (IV, R=Ph; R’=H) was obtained as a lower boilinz 
fraction and a small quantity of ethyl! 1-keto-3-methyl-carbethoxypheny.- 
cyclohexane-2-8-propionate distilled at 185-r90°/1°6 mm. (Found: C, 
70.3; H, 7.6. Co:H2.0; requires C, 70-0. H, 7.77 per cent). 


Reformatsky's Reaction with Keto-ester (IV, R=Ph; R’=CH,'CO, Et. 
The keto-ester (10-5 g) was refluxed with zinc wool (4g.) and ethrl 
bromoacetate (7-6 g.) in dry toluene (20 c.c.) with the addition of a crystal 
of iodine for 5-6 hours, when the vigorous reaction which ensugd at he starz, 
completely subsided. The reaction mixture was decomposed with ice-cokl 
dilute sulphuric acid, the toluene layer was separated and washed with 
sodium bicarbonate solution and water and then dried. ‘Toluene was 
removed under diminished pressure and the residue fractionated, when abowt 
2-5 g. ofa viscous yellow oil were collected at 186-200°/1-8 mm. [Founé: 
C, 68-9; H, 7.5; M.W. (by freezing point method), q10. Cy4H320, requires 
C, 69:2; H, 7-7 per cent. M.W., 416) 


Keto-deoxyoesiric Acid (XVI).—The above compound (2g.) was 
refluxed with an excess ot red phosphorus and bydriodic acid (d 1-7) for 
a prolonged period. The reaction mixture was diluted and filtered ard 
the filter paper was weli washed with ether, which was added to tke 
filtrate. ‘The ethereal layer was separated, washed with water and dried 
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over sodium sulphate. On removal pf ether about 1 g. of an uncrystallisable 
resinous mass was left as a residue, Z : 
‘The crude product (o.§ g.) was heated with concentrated’ sulphuric acid 
{d 1-84; 4 c.c.) on a boiling -water-bath for 10 minutes. The solution was 
cooled and crushed ice was added to it, when a heavy oil separated which was 
extracted with cther, the ethereal layer was washed with water, dried and 
ether removed. An oily residue, which was left behind, was treated with 
a coicentrated aqueous solution of semicarbazide hydrochloride and 
sodium acetate and methyl alcohol when a small quantity of the semicar- 
bazone separated as a reddish powder on standing. The product even 
after crystallisation from dilute methyl alcohol, was somewhat coloured, 
m.p. 165-75°. (Found : N, 10-4. CisH2,305N3 requires N, 1x-2 per cent). 
- My best thanks are due to Prof. P. C. Mitter for advice and. encourage- 
ment during the progress of this work. My thanks are also due to Mr. 
N. Ghosh and Mr. B. Bhattacharyya for carrying out the microanalysis: of 
some of the compounds. 
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THE STABILITY AND STATE OF -ASCORBIC ACID IN CRINE. 


By SACHCHIDANANDA BANERJEE. 


y 


et “f ‘he stability of agtorbic acid in urine has been mvestigated in presence of different 
acids, The presence of combined ascorbic acid in urine is shown. 


" Recently vitamin C sub-nutrition has been associated with. the etic- 
logy, of various diseases. This vitamin C sub-nutrition is diagnosed by 
urine ‘analy sis.. As the rate of excretion of ascorbic acid in urine is not 
“uniform throughout the day and night, ascorbic acid content of 24 hours’ 
- urine | should be determined. But ascorbic| acid in urine is gradually lost on 

_ standing. ‘Borsook etal U. Biol. Chem., 1937, 117, 237) have shown thet 
in an, alkaline medium ascorbic acid may be oxidised to dehydroascorbic accd 
“and 2 :3- -diketo-I-gulonic acid. The latter reaction being irreversible, on=y 
"dehydroascorbic acid would be reduced to ascorbic acid.when sulphuretted 
hydrogen 1s passed into the urine. It is, therefore, important to know under 
what conditions vitamin Cin urine collected over 24 hours would be most 
stable. Althéugh some work has been carried out on the subject, tke 
position is by no means clear. As we also propose to investigate tke 
state mm which ascorbic acid is present in urine, itis necessary to know 
the factors concerned with the stability of vitamin C in urine in our condi- 
tions of experiment. 

Freshly passed urine was treated separately with acetic acid, meta- 
phosphoric acid, hydrochloric acid, sulphurie acid and diethyi dithiocarba- 
mate. The last reagent was used in order to prevent any possible oxida- 
tion of vitamin C by means of traces of copper. The concentration >f 
acids in urine was 5% by volume in each case ; the concentration of diethyl 
dithiocarbamate was 0°06 g. in 100 c.c. of urine. ‘Samples of freshly voided 
urine were treated asabove. Some samples were then titrated immediately 
with 2: 6-dichlorophenol-indophenol (x c.c. dye=o'104 mg. of ascorkic 
acid) and others were kept overnight and titrated after 24 hours. The 
average results with the different treatments are shown in Table I. 


Table I. 
° x Cc. of the dye was decolorised by 
- Urine kept with . Freshly voided urine. Urine preserved for 24 hours, 
- Aceticacid - z 1°45 ¢.c. 6 70 ¢.c. 
, Metaphosphoric acid | 5 1°go 
“Hydrochloric ¥3 “ es 145 
. Sulphuric 7 1°45 
Diethy! dithiocarbamate . 4 3°10 


6 
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It is clear from Table I that hydrochloric and sulphuric acids preserve 
the vitamin best. Metaphosphoric acid is next best, while acetic acid, 
which has been most commonly used for preservation, is the least ‘effective. 
Diethyl dithiocarbamate is also largely ineffective. Acetic acid and 
metaphosphoric acid impart no colour to the urine but sulphuric acid and 
hydrochloric acid impart colour to the urine. Hydrochloric acid gives a 
deeper colour to the urine than sulphuric acid, so that sulphuric acid is 
“considered to be the best preservative under our conditions of experiment. 

In order to find how far this stability produced’ by sulphuric acid is 
specifically related to ascorbic acid; different samples of urine treated with 
sulphuric acid were subjected to treatment with’ ascorbic acid oxidase. 
Results are shown in Table II. ~The -fact that ‘figures in columns 3 and 5 
are substantially in agreement-shows that’ suiphuric acid has ‘not -produced 
any non-specific reducing substances de novo. ‘ On “the “other hand ° very 
‘substantial differences between values obtained ‘before and after oxidase 
treatment indicaté that titrations of urine without such treatment ‘would: Tead 
“‘torerroneous results. - = : 


"Taste I,” ee oa 


C.c. of-urine required to reduce 0'5 Ge of the dye 


"ae 


Urine (with H,SO,4, 5%) freshly Urine (with H SO, 5%). after 
voided .. 24 hours. 
Urine Before a ’ After oxidase Before’ oxidase ; After oxidase 
Sample No. action. > action.- action. “action. 7 
Pr  ~ 2°40 ‘eto 735 2°40 |, 7°40 
2 Bae oS Gork Ok 2s ’ 5°55 
3 0'75 350 0°75 3°60 
4 1°30 3 46 - r3002=C~ 3°50 
; : 5 aso 5°f0 150 * 7 5°70 
6 215, Sie ge aS . 5°00 


In order to see whether ascorbic acid added to urine containing 5% 
sulphuric- acid can be correctly estimated or not as a further test of the 
_reljability of this method, 5 mg. ef ascorbic acid were added to 100 c.c. of 

urine containing 5% sulphuric acid. ‘Titrations were carried out immediate- 
ly and after 24 hours. Table III showsthat the added ascorbic acid could 
be correctly estimated, as the values obtained by immediate titration and by 
titration after 24 hours are identical, 


. 
oo nae 
aot 
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_C.c., of urine peared to tance 1¢.c, of the dye 


Urine sample No. Tmmediate titration. . Titration ater 24 hours. 
, 1 : 135. 1°35 
2 250 s ~  ae8 
. 3 0 80 ' - 080 
Hoe “as Coed oe 4: - Yoo. > Seats "r’oo 7 
ore RR ras sO =) Boosts 
Seas SPs , ; : ; a he 


See The State of Ascorbic Acid in Urine, 
7 aes at. = ee « 


os Investigations: from this laboratory have shown that certain plant 
foodstuffs contain: ascorbic acid in a combined state (Guha and Pal, Nature, 
1936, 187, 946 ; Guha and Sen-Gupta, ibid., 1938, 144, 947; Sen-Gupta and 
Guha, J. Indian Chem. Soc., 1939, 16, 496). That urine also contains a 
part of ascorbic acid in a combined state was indicated by them (Guha and 
Sen-Gupta, Nature, 1938, 141,947) Scarborough and Stewart (Biochem. J., 
1937, 241, 2231) have also made similar observations. In the present 
paper a riore detailed study of the subject is presénted, as it was important 
for us. to know which method would give reliable values of the free, com- 
bined and dehydroascorbic acid of urine. ‘I'his information was necessary 
in connection with researches undertaken 1m this laboratory on the réle of 
vitamin C in the normal condition of the body and in infections. 

All urine used was freshly passed. ‘The titrations were carried out 
using 2: 6-dichlorophenol-indophenol as indicator. A 50 c.c. portion - of 
urine was immediately titrated. Another aliquot of 50 c.c. of urine was 
taken i in a conical flask into which H.S was passed for 20 minutes, Excess 
of HS was removed by a current of cafbon dioxide. This was then titrated 
with the dye. Into another 50 c.c. of urine cold H,S was passed for 5 
mmiutes to chase out the air... The flask was then immersed in a bath. of 
boiling water and H,S was passed for ro minutes. The flask was then placed 
in a beaker of cold water and H,S was passed for 5 minutes, by which time 
thet flask cooled. Excess of H,S was removed bya current. of carbon 
dioxide and the urine then titrated as before 

JAscorbic: acid oxidase was prepared from cucumber, approximately 
‘aickor@ing to the.method. of- Tauber et al (J- Biol. Chem., 1935, 110, 55a). 
6b0'G./6 éncumber were chopped ima mincer and treated with 1800 c.c.. of 
30% alcohol. -The- inixture was shaken for 5.minutes and quickly. filtered 
through glass wool, 1800 c.c. of acetone were added to the filtrate to preci- 
pitate the oxidase. The precipitate was quickly centrifuged off, dissolved 
in 240 c.c. of water, precipitated by 240 c.c. of acetone and centrifuged. 
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The precipitate was dried ina vacuum desiccator, and dissolved in 
240 cc. of water and a drop or two of toluene was added. 1 Cc. of this 
enzyme preparation could oxidise o'5 mg. of ascorbic acid. The stability 
of the preparation has been investigated by Sen-Gupta and Guha (J. 
Indian Chem. Soc., 1939, 16, 549). The activity of the enzyme was 
determined by the amount of ascorbic acid solution oxidised by the method 
previously described (Ghosh and Guha, J. Indian Chem. Soc., 1937, 14, 
721). 5C.c. of untreated urine, cold H.S-treated urine and hot H.S-treated 
urine were taken in three 50 c.c. flasks. The px was brought to 5°6 “*3C.c. 
of the oxidase solution and 2 cc. of M. acetate buffer (bx 5°6) were 
added. ‘These flasks were incubated at 37° for half an hour after which 
they were titrated. The difference in the titration vaiues before and after 
oxidase treatment gives the true value of ascorbic acid. The results are 
shown in Table IV. 


Taste IV. 4 


Mg. of indophenol reducing substances in 1 ¢.c of urine calculated as ascorbic acid. 


Immediate direct titration. ~ Cold H)S titration. » Hot HS titration. 
Semple “Pimple ascrcic ascorbic asegrbie—astorbie sot 
acid acid. acid acid, acid, acid. 
1 0°0866 0°0715 01038 00771 01600 0'0844 . 
2 0 1223 0'0877 0'1600 O'ILOS @ 2080 0'1509 
3 0°0385 00218 © 1300 00828 0°1890 O 1147 
4 oO" 1Qgo 0 0640 0°1320 0'0660 ; $°r4o0 o'1400 
5 0°0217 0 0035 0°0397 O'vI94 (0643 0 0226 
6 0'0288 0°0264 0°0399 0'0275 0°0495 0 0329 
7 00086 00038 © 0152 0°0040 0 or69 ' 9°0041 
8 0'0252 © o'or22 0 0346 0°0212 0°0371 0°0223 


In order to investigate the nature of the non-specific reducing substances 
in the urine, the fresh urine and hot H,S-treated urine were treated res- 
pectively with barium acetate, so that its final concentration in the urine 
was 5%. ‘The filtrate was treated with concentrated H,SO, to remove the 
excess of barium and the px was brought to about 3. The titrations were 
then carried out as usual. The résults are shown in Table V. 


* as determined by oxidase treatment. 
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TABLE. V. 


Mg of indophenol reducing substance in 1 ¢.c. of urine calculated.as. ascorbic acid. = 
3 :: eat 


Saniple Origin ax Cuigiual ung tng | aR, Bot etcetera 
tseatment. treatment. urine. action. treatment. 
: Tone Sado. ne , 0°0104 Ss ororgd o"0s5co ororto ; : “orozs0 - 
2 0 O192 00099 ~ GOL4o ,  ©@O2ge i. o'O100 _ + OOTEQ-.-, 

Be 00081 0°0044 070052 “ o'0169 | . 00129 o*’ocgg 

4 . : ! whys é ye 
vai J 'o'ao8te —. 00038 +; 900577 - , - O1OIB9.- | ¢ 9004, >. 970080 ae 
L4,  eroa88 *- te orbeby “orn2#g . “Dt 220°0495%% <1". 67O32Q- “1, 5,0°O4OO_ 
GORDA ST EUR pe ce gate at i oe 
DISCUSSION. . fe alain eed 


os Ye TR SA PR Re al 

These results indicate that urine contains besides «ascorbic acid otler 
substance or substances which decolourise 2: 6 dichlorophenol-indophenol. 
After reduction with cold H,S there is an increase of the dye-reduciag 
substance. This increase is partly due to the increase in the ascorbic acid 
content as evidenced by treatment with ascorbic acid oxidase and par-ly 
due to other non-specific reducing substances. ‘The higher ascorbic acid 
value is accounted for by the presence of dehydroascorbic acid which 
is reduced by sulphuretted hydrogen in the cold condition to ascarbic 
acid. Heating in presence of sulphuretted hydrogen gives rise to a 
dye-reducing value much higher than by reduction in the cold. Both 
ascorbic acid and some other reducing substances present are 
increased. Extra ascorbic acid liberated apparently comesefrom ascorzic 
acid present in the urine in a combined form, which as such has sot 
no dye-reducing properties. It is interesting to note that along with 
combined ascorbic acid some non-specific reducing substance is also pres2nt 
in combined forn: which is also simultaneously split up by heating. 

Results of treatment with barium acetate, wHich removes thiosul- 
phate and some thioi bodies, indicate that this kind.of non-specific reduc-ng 
substauces is pieseynt in ordinary urine and is also produced by treatment 
with hot sulphuretted hydrogen. 


CONCLUSIONS. 


Treatment with acelic, meta-phosphoric, hydrochloric, sulphrric 
acids and with diethyl dithiocarbamate shows that sulphuric acid is the 
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best preservative for vitamin C in urine. This has been confirmed also by 


treativent of the urine with ascorbic acid oxiddse.: 
\ 


: Tieatinént cof ‘urine with sulphuretted ; hydrogen in the cold and 
hot conditions shows that urine contains ascorbic acid. dehy droascorbic 
acid, combined ascorbic acid and non-specific reducing substances both in 
the free and combined states. This has been shown by’ treatment with 
ascorbic acid oxidase as well as with barium acetate. : 


My thanks are due to Prof. B. C. Githa for his advice and interest in 
this work. I am also indebted to the Students’ Weifare Committee, Calcutta 
University, fora grant. Some experises have been defrayed from a grant 
of the Indian Research Fund Association. 
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OBSERVATIONS ON THE ANTERIOR PITUITARY-LIKE 
GONADOTROPIC HORMONE FROM THE HUMAN - - 
“3. URINE OF PREGNANCY. PART |, os 


By A. C.- Mayoopar- - se a i 


‘The anterior pituitery-tike gonadotropic hormone fests ciency urine has 
been concentrated. The most _ concentrated preparation contains nitrogen (6 80%), 
carbohydrate (6" 68%) and tyrosin (2 20%) Te gives negative “Millon’s, Molisch amd 
Fehlings' tests but positive “xanthreproteic and” orciriol-sulphurie ‘acid test-.- It is 
stable below we. 56 at 10°. Itis paral: inactivated = HS and PHO. = 


ae une 


. The piesente of a genes in- ‘he urine - of pregnancy, which Is 
different from: follicular sand luteal. hormones and resembles the hormone, of 
the anterior Jobe of- the: pituitary gland, which influences the. gonads, bo: h 
jn the maje and in the female, -was first indicated by Aschheim , and . Zondck 
(Kline Woch., -1928, 7, 1401). It has been called the anterior pituitary Jixe 
gonadotropic térmone of pregnancy. urine, as it appears to resemble but is 
not identical-wwith the, hormone of the anterior pituitary body itse'f. 
The hormone preparation from pregnancy urine has been extensively used 
in imedical therapy. Its chemica! isolation; however, has not yet been 
possible and until this is done many biochemical questions particularly those 
of interaction between the ‘different sex-hormones will” rémain unexplored. 
This _ paper deals with attempts at the concentration ‘of this substance with 
a view to its eventual isolation. Several workers “(Van Dyke and 
Lawrence, J. Pharmacol. 5 oo 48, 93 ; ‘Dickens, Biochem. Je 1930, £4, 
1507 3 Fishcher ‘and Ertol, Z . physiol. Chem., 1931, 202, 83; Reiss aad 
Haurowitz, Z 2% exp. Med., 1929, 68, 371 : Funk and Zeifirow, Biochem. 1., 
1932, 26, 619; Katzman and Doisy, J. Biol. Chem., 1932, 98, 7303 
Zondok et al, Biochem. Z. 5» 1033; 258, 102) have also attempted to concen- 
trate this hormone and their efforts have been attended w ith a partial measure 
of success. . . a 
“Our” method. . involves, the separation of the active substance by the 
adsorption. of. the material on benzoic acid followed. by the removal of benzaic 
‘acid, by treatment with cold acetone as suggested: by Funk and Zeifirew 
(loc. cil.) and ‘Katzman and “Doisy (loc. cit.). 


EXPERIMENTAL. 


Seven litres 6f human urine of late’ pregnancy were collectéd ‘in 4 giass 
jar surrounded’ by ice and preserved at o° for 36 hours.’ The pa of the 
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cold urine was adjusted to 4°3 by means of glacial acetic acid. It was centri- 
fuged and the clear supernatant liquid was transferred-to a glass vessel 
immersed in ice. While stirring it- with a mechanical- stirrer, 530 c.c. of 
acetone saturated with benzoic acid (room “temperature 30°) Were gradually 
added to the liquid in ‘the vessel. The precipitated benzoic acid absorbate was 
filtered under suction and- thoroughly - washed with 200 c.c. of a saturated 
aquéous solution of benzoic acid. It was then treated with 530 c.C. of cold 
acetone {x0°), filtered and” washed with another ‘100 e.c. of ‘cold acetone. 
It was dried overnight. in’ a vacuuii desiccator (10°) over CaCl, and 
triturated with 50 c.c..of water in a glass mortar, The active material was 
eluted by o'05N-NaOH. by adjusting the py to 96. In order to avoid the 
destruction of the activity of the substance in alkaline medium the pu 
of the substance was quickly ‘readjusted “to 7*0 by ineans’of acetic acid 
The syrupy solution was centrifiiged, _the Pee avas twice washed with 
water and “the washings were added to the centrifugate. The sdiutidn was 
made up to 75 ¢.¢, and treated with 750 c.c. of cold acetone (10°.) Minute 
particles of a white precipitate settled at the bottom when kept for’25 minutes 
at 10°: This precipitate was séparated and ‘dried over.CaCl, in a vacuum 
desiccator.” A-brownish scale-like substance {0.6 g.) was obtained. = ~~ 
Biolegicn Assay, 


Immatize. female albino rats weighiug “between “30 g. and’ 42 g. were 
taken for testing the active substance. ‘The animals i were kept on nornial 
diet consisting of milk, brown bread and whole wheat. A solution contain- 
ing o "24 mg. of the concentrated material per c.c. was kept in a cold store 
(10°). A daily dose of 0°3 c.c. of this solution "was injected intraperitonia- 
ly into eacl? animal. A group of 4 animals was treated” with ‘this 
solution for 5 days. It was observed that the vag ‘ina of the four contidls 
remaitied closed whereas that of ‘alk the treated animals opened before- the 
‘sth day after the first dose was injected into the animals.’ On the 6th day 
the vaginal smears of gl the” animais were tested. ‘The serous smear’ of the 
treated animals took 05% eosine stain. There were nou-neucleated 
eornified squamous ‘cells associated with leucocytes ‘and red’ blood éells. 
The mucoid Smear of the controls did not give the positive maturation test 
in the vaginal smear. ‘There was a distinct enlargement of the ovaries and 
uteri ‘of the treated animals as is ‘observed from ‘Table I given below. 


Effect of the Change of pa on the Biological Activity of the Subsiance. 


_ Asolution containing 0.24 mg. of the active material per c.c. was 
adjusted to. three different px values by means of diluted hydrochloric 
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acid and sodium hydroxide. The sofutions were kept at 10°. The activEy 
was tested as described above. ‘The ovaries of all the animals as well as the 
uteri were separated and the mean weight of each group was take. 
The results are given in Table I. 


Tabie I. 


” px No. of animals Mean body wt. of Mean wt. of the Mean weight 
the animals. ovaries and uteri. of the ovaries & uteri 
per g. of the meaa 


body wt. 
3°6 4 35 & . 126 mg. 3°6 mg. 
56 4 35 88 2°5 
8°6 4 34 96 a8 
{untreated 3 38 , 75 x9 
eantrols) - 


~ From Table lit appears that the substance is fairly stable within the 
rangé of px 3'6 to 8'6. —s 


Electrodialysis. 


A solution containing 3 mg. of the active extract perc.c. was divided 
into three portions and the px of the solutions was adjusted to three different 
values : (a) 3'6 (b) 6°6 and (c) 8°6 by means of glacial acetic acid and sodium 
hydroxide. 

(1) To ro c.c! of the solution (a) 5 c.c. of phosphate-citrate buffer of 
bu 3°6 were added. : , 

(2)_ To 10 c.c. of the solution (b) 5 c.c. of phosphate buffer of bu 86 
were added. a ; 

(3) ‘To ro c.c. of the sample (c) 5 c.c. of phosphate buffer of px 3°6 
were added. : 

All the three samples (1), (2) and (3) were electrodialysed in a cold store 
(4°) for 4 hours at 220 volts and g milliamp. An agar-agar bridge of 
2% agar-agar with 2% sodium chloride and parchment paper were used. 
In order to maintain a steady current of 9 milli amp. the concentration of 
the buffer of the side-chamber of the diaiyser was different from that of 
the central chamber although other factors of the experiment were 
constant. For fx 3°6, px 66 and pa 8°6, the buffer for the side-chamkers 
was diluted 20 times, ro times, and 7 times respectively. Testing ihe 
solutions in the different compartmeuts showed -that the active material. was 
not dialysable through parchment paper within the px range studied; 


it 
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Further Concentration ‘of the Active Material. 


In connection with the above experiments it was observed that the 
solution of the active substance gave a precipitate when the px was adjusted 
to 3°6 by means of glacial acetic acid. 10 C.c. of the golution containing 
0°24 mg. of the active material per c.c. were, therefore, adjusted to pu 3°6 
by means of glacial acetic acid and the mixture centrifuged. The clear 
contrifugate (A) was found to be active. The precipitate was treated with 
ro c.c. of water, and the pz adjusted to 6°8 by means of sodium hydroxide. 
This was found to be inactive (Table 11). 


Tasre If. 

Substance Total solid Number of Mean body Mean weight Mean wt. of 
material animals. weight. of the ovaries the ovaries & 
injected. and uteri. nteri per g. of 

mean body wt 
Centrifugate at o'096 mg. 3 35g. 145mg. —« 4'I_ mg. 

pu 3.6 (A) 

Precjpitate from (A) o"I4o 3 34 71 2'z 
dissolved at pu 6.8 
Untreated controls 3 39 86 a2 


Tabie II shows that none of the active material is precipitated by-glacial 
acetic acid at pu 3°6. It was also found that about 54% of the inactive 
solids were eliminated by this process. 

When a gpncentrated syrupy solution of the extract containing 20 mg. 
of the crude substance was adjusted top 3°6 by means of glacial acetic acid 
a precipitate, as stated above, was formed. ‘This was centrifuged off and 
the clear iiquid was treated with ro times its volumes of cold acetone (12°). 
A white precipitate was obtained which was filtered under suction and 
dried in vacuum over CaCl, (10°). An amorphous white hygroscopic 
powder was obtained, which was about 41% of the original crude substance. 
This acetone-precipitated active material contained about 60% of the 
original active material. 


Effect of H.S and HO, on the Centrifugate (A) at pa 3.6. 


The samples of the contrifugate (A) at x 3°6 were treated separately 
with HS and H,0O3. s A ie . : - . 
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(a) HS was passed for 5 minutes into 5 c.c. of the solution and then 
removed completely by CO.. 

(b) Three drops of 30% H.O2 were added to 5 c.c. of the solution. 

(c) A sample of the solution was kept as a positive control. 

These were biologically tested and the results are shown in Table IZ. 
The effect of the centrifugate was taken as 100 and of the treated fractions 
as percentages of this. 


TaBie IIT. 
Number of animals Solution treated by Activity. 
3 Untreated active solution 100 
3 H,02 75 
3 H,S 67 
3 (untreated controls) is ° 


Stabiliiy of the Centrifugate (A) at 10°. 


The solid substance was found to remain active for a long tim. 
But the whole of activity was lost within 8 days when the substance was 
kept without any buffer in an aqueous solution and the px of the solution 
was between 5°6 and 86 at 10°. The alteration of the a during the same 
time is shown in Table IV, which would indicate that the loss of activity 
from px 5°6 upwards is accompanied by a shift of pz . 


Tasie IV. 
From px to pu. ° 
36 Boe 36 
56 see 54 
72 she 6°2 
86 i 68 


Different Chemical Tests. 


‘The active material obtained before treatment with glacial acetic acid 
did not give any positive Molisch, Millon’s or Fehing’s test, nor did it give 
any precipitate with phosphotungstic or trichloroacetic acid. It gave a 
precipitate readily with lead acetate, mercuric chloride and acetom. 
Definite xanthoproteic and orcinol-sulphuric acid tests were, however, 
obtained. 
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Analytical Results of the Purified Substance. 


The purified material obtained by acctone precipitation was found to 
contain 6'89% of N, whereas the crude substance obtained by the simple 
adsorption of the active substance on benzoic acid contained 12°08% N. 
The purified material contained 6 68% of carbohydrate ds estimated by the 
orcinol-sulphuric acid method of Sorensen and Haugaard (Biochem Z., 1933, 
260, 619) as improved by Kondo and Muragama (J. Agr. Chem. Soc., Japan 
1937, 18, 472). The tyrosine content of the substance was determined by 
Wu’s method using the phenol reagent and found to be 2°20%. It may be 
mentioned that the carbohydrate content of our preparation was comparable 
with the carbohydrate content (6.0%) of the gonadotropic preparation 
obtained from the anterior pituitary by Hartzman and Bens (Nature, 1938, 
142, 115) and it was considerably less than the value 19'0% found by the same 
authors (loc. cit.) for the substance obtained from pregnancy urine. 

My best thanks are due to Dr. B C. Guha, Dr. B. N. Ghosh, and Dr. 
J. C. Ray for their kind advice and to Prof. Dr. M. Sarkar of Eden Hospital, 
Calcutta, for his kind co-operation in supplying the urine. ‘I‘hanks are due 
to Dr. S. Banerjee as well. 
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THE PHENYLTHIOCARBAMIDES. A CONTRIBUTION TO 
THE STUDY OF THE TRIAD N-C-S. PART IX. 
THIOBENZAMIDE. 


By Hans KRALL AND VIDYA SAGAR. 


In continuation of the previous work on phenylthiocarbamides the decompositions 
of thiobenzamide have been studied (i) with hydrolytic agenes (ii, with nitrous acid und-r 
various conditions of pa. The reaction with nitrous acid in the presence of weak acd 
shows that thiobenzamide is 40% in the form of CgsH,;CSNHy in neutral solution; other 
decompositions are simple and show that this configuration is almost completely changed 
by acids and alkalis to the isothioamide torm CsH;CSHNH. 

‘The chemistry of phenylthiocarbamides has been investigated in these 
laboratories with a view to study their structure in solution under different 
conditions of px (J. Indian Chem. Soc, 1935, 12, 627, 635, 639; 1937) 
14, 474, 478 ; 1938, 18, 217, 221). The problem was attacked chiefly through 
two reactions viz. (i) the action of hydrolytic agents and (ii) the action of 
nitrous acid on these compounds. The decomposition varied according to tre 
bu of the solution. As in these cases the decompositions were complicated 
by the presence of two apparently similar nitrogen atoms, a simpler case of 
triad N-C-S in thiobenzamide has been studied in the present investigation. 

In the presence of normal alkali thiobenzamide decomposes chiefy 
into benzonitrile and hydrogen sulphide (67%) according to the equation 

e 


C,H,CSNH, —> C,H,CN+H.S ie 


Traces of ammonia are also produced but this is due to a seconda-y 
decomposition (vide experimental). 

With normal acid, benzoic acid, hydrogen sulphide and ammonia a-e 
produced thus 


C,H;CSNH2 —_ C,H; COOH ee H.S + NH, 7 wee (34) 


and this occurs to the extent of 10%. ‘The change also occurs to some 
extent (2%) even in neutral solution. 

The action of nitrous acid on thiobenzamide has also been studizd 
in the presence of strong acid and using one equivalent of sodium nitri-e, 
the gas phase is mostly nitric oxide (79%), a change typical of the th-o- 
carbamides; the oxidation product is a neutral product (m.p. 90°) which 
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proves to be dibenzylazosulphime. (Ber., 1892, 28, 1578), obtained by 
Gabriel and Hofmann by the interaction of alcoholic solution of iodine and 
thiobenzamide Unchanged thiobenzamide stifl remains and if two mole- 
cular equivalents of nitrous acid are employed, the amount of the gas 
evolved is almost double with the same composition 3s above. The gas 
phase and the identity of the oxidation product show the change to be 


N 
CHC NHp+4HNO,=C,HiC7 NCC.H,+4NO+2H,0+8 ... (iii) 
tl | 





> SN 


(Dibenzylazosulphime) 


In the presence of weak acid using one equivalent of sodium nitrite the 
gas phase is N (40%) and NO (60%); but there is evidence to show that 
the reaction giving nitrogen occurs first 


C,.H;CSNH, + HNO,= C,H;CSOH of N2 + H.O aoe (iv) 


Dibenzylsulphime is still formed but to a less extent. 

“The action of sodium nitrite in the presence of weak acid suggests 
that thiobenzamide is present in neutrai solution only to the extent of 40% 
in the configuration C,H;CSNH), since the presence of a weak acid is not 
likely to disturb the configuration of the compound. This is supported by 
the hydrolytic decomposition. Acids and alkalis completely change the 


configuration to the form 
H 
cece 


° ‘si x 
which easily suffers desulphurisation and is easily oxidised. 

Now it has been also found that the decrease in sulphide, observed in 
case of phenylthiocarbamide (J. Indian Chem. Soc., 1935, 12, 641) but not 
explained by the authors, is to be attributed to the oxidation of sulphide 
to thiosulphate and stilphite, in presence of air. It has been found that 
the percentage composition studied in the presence of hydrogen remains 
the same. Thus the decrease noted in the case of thiobenzamide may also 
be attributed to the same cause. 


EXPERIMENTAL 
Hydrolytic Reactions. 


Expt. 1. Decomposition of Thiobenzamide by Boiling with Aqueous 
Caustic Potash —Thiobenzamide (6-85 g.) and one equivalent of normal 
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caustic potash (50 ¢.c.) were refluxed dogether for 1 hour in a 500 cc 
round.bottomed flask, traces of ammonia being evolved. The contents of 
the flask were cooled dnd then distilled in steam for ro minutes. Th=2 
distillate contained an oil (b.p. 191°) identified as benzonitrile by hydrolysis 
with 70% sulphuric acid to benzoic acid and ammonia. The residuai 
alkaline liquor contained much sulphide and some unchanged thiobenz 
amide. Ina similar experiment omitting steam distillation sulphide was 
estimated by titrating against standard ammoniacal zinc solution. (Found: 
H.S, 67 per cent). Ammonia was found to be 3%, estimated by absorbing 
in Volhard’s trap containing excess of standard acid. It was found that 
alkali sulphide slowly decreased if boiling was continued for a longer 
period. Now it has been also found that the decrease in sulphide, pre 
viously studied in case of phenylthiocarbamide but not then explainec, 
is attributed to the oxidation of sulphide to thiosulphate and sulphite, 
in the presence of air. It has been found that the percentage of sulphid= 
in four and eight hours remains 21% in the presence of hydrogen. Ox - 
‘dation is excluded if the experiment is conducted throughout the period 
of boiling i in presence of hydrogen (J. Indian Chem. Soc.. 1935, 12, 641), 

Expt. 2. Action of Cold Concentrated Alkali on. Thiobenzamide.— 
Thiobenzamide er g.) and potassium hydroxide ‘3- -66 g.) were added b 
water (7 c.c.), a solution résulting inthe cold, an emulsion of benzonitrib 
being produced immediately but no ammonia; therefore ammonia formei 
in the last experiment is to be attributed to the secondary changes. 

Expt. 3. Decomposition of Thiobenzamide ‘by Boiling with Aqueons 
Hydrochloric Acid—Thiobenzamide (6°85 g.) and one equivalent of normel 
hydrochloric acid (50 c.c.) were refluxed together for1 hour. Hydrogea 
sulphide formed was absorbed in Volhard’s trap containing n®rmal caustic 
potash (15 c.c.) and sulphide was estimated by titrating against ammoniacz] 
zinc soiution as before. (Found: H.S, 9°5 per cent) and ammonia (10%) 
(found by difference in the titre value of the acid before and after the 
hydioiysis). No benzonitrile could be detected in this case. 

Expt.4. Decomposition of Thiobenzamide by Boiling with Water.— 
Thiobenzamide (685 g.) and water (soc.c.) were boiled for x hour under 
reflux condenser attached to a trap containing 3% basic lead acetate (15 c.c. . 
(Fouad: PbS, 0-2468 i.e., H,S, 2 per cent). The hydroiysed product cor- 
tained benzoic acid and unchanged thiobenzamide. The reaction went in 
an analogous manner to that of acidic hydrolysis. 


Action of Nitrous Acid on Thiobenzamide in the presence of a Strong Acid. 


Expt. 5. In Molecular Proportion of 1:1 (gas phase).—Thiobenzamice 
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(0-0685 g.; 1/2 mg. molecule) was tapped into the cup of. Lunge’s nitro- 
meter. Sodium nitrite (0:5 cc., 1/2 mg. molecular proportion) was 
added and the reaction started by the addition of 1 c.c. of 4 N-HCl. Gas 
evolved was 10-8 c.c. at 24° and 748 mm i.¢., 9-4 c.c. at N.T.P. After the 
treatment with FeSOq volume was 2. c c.at N.T.P. The composition was 
therefore NO, 77-8; N, 22-2 per cent. . 

Expt.6. In Molecular Proportion of 2:1 in two stages (gas phase) — 
Expt. x was repeated and the evolved gas expelled from the nitrometer. 
Sodium nitrite (o'5 c.c. 1/2 mg’, second molecular proportion) was added. 
The evolution of the gus was slower than with the first equivalent. Gas 
evolved was 8-5 c.c. at 21°5° and 748 mm. or 7-6 cc. at N.T.P. (Found: 
N, 25-3; NO, 74-7 per cent). . 

Expi.7. In Molecular Proportion of 2:1 in one stage (gas phase).— 

Expt. 6 was repeated except that sodium nitrite (x c.c., 1 mg. molecular 
proportion) was added in one stage. Gas evoived was 19°5 c.c. at 23-5° 
and 747 mm. or 17-14 c.c. at N.T.P. (Found: N, 24:6; NO, 75-4 per 
cent). . 
Expt.8, Action of Nitrous aéid on Thiobenzimide (neglecting the 
gas phase)—Thiobenzamide (37 g., x mg. molecular proportion) was 
dissolved in 40 c.c. of dilute alcoho! (1:1) and mixed with 4 N-HCl (40 
c.c.), and when crystals just appeared the solution was treated drop by drép 
with sodium nitrite (ro c.c.). The reactien occurréd with effervescence 
and evolution of nitric oxide. A pink solid was formed and the mother- 
liquor when treated with alkaline lead acetate gave a precipitate of lead 
sulphide showing that unchanged thiobenzamide was still present. The 
pink solid was extracted with hot alcohol and filtered from the resinous 
mass and tle filtrate deposited silky needles (m.p. 90°), identical with 
dibenzylazosulphime (Ber., 1892, 25, 1578). (Found: N, 11-8; S, 13-4. Cale. 
for dibenzylazosulphime, Cy,HioNaS: N, 11-8; 8, 13-4 per cent). Mixed 
melting point with Hofmann’s compound, prepared by the interaction 
‘ of alcoholic solution of iodine and thiobenzamide, was also go°. If two 
molecular proportions of sodium nitrite were used the amount of di- 
-benzylazosulphime formed was larger and very little unchanged thiobenz- 
amide was left in the solution after the experiment. 


Action of Nitrous Acid on Thiobenzamide in the presence of a Weak Acid. 


Expt. 9. In Moleculas Proportion 1:1 (gas phase)—The rest of 
the procedure was the same except that here 2N-acetic acid (x c.c.) was 
added after the addition of sodium nitrite so that the configuration of 
thiobenzamide might not be disturbed and the reaction might start in the 


PHENYLGHIOCARBAMIDES 47) 


least pa atthe very outset. The action began with effervescence but act 
so vigcrously as was noted in the case of hydrochloric acid. Gas evolved 
was 8-5 c.c. at 2r-5° and 747 mm. or 7-6 cc. at N T.P. (Found: N, 
38:1; NO, 61-9 per cent). If in the experiment the evolved gas was 
examined after 5 mimutes of the start of the reaction the composition was 
found to be N, 50%; NO, 50% showing thereby that the normal reactioa 
of nitrous acid on an amino group occurred first. 

Expt. 10. In Molecular Proportion 1.1 (neglecting the gas phase) — 
Thiobenzamide (1-37 ¢.) was treated with sodium nitrite (ro c.c.) and 2\- 
acetic (20 c.c.) as was done in case of hydrochloric acid. The reaction was 
slow and nitric oxide was evolved. Some pink solid was formed and floated 
on the solution. The pink solid was proved to be dibenzylazosulphime as ia 
the case of hydrochloric acid. 
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ON CHLORALAMIDES. THE REACTION OF POTASSIUM 
‘CYANIDE ON a-CHLOROCHLORAL-CHLORO-2-METHOXY- 
AND «-CHLOROCHLORAL-BROMO.-2-METHOXYBENZ- 
AMIDES AND THE HYDROLYSIS OF THE 
RESULTING «-CYANO COMPOUNDS. 


y (Late) N. W. Hrewe np K. N. Rana. 


e-Chlorochloral-chloro-2-methoxy- and  «-chlorcchlo:al-bromo-2-methoxybenzainides 
have bees! reacted with potassium cyanide to obtain «-cyano compounds of the tyre 
RCO NH’ CiCN) : CCl. The nitriles have been hydrolysed with concentrated hydro- 
chloric atid to the corresponding carboxylic acids which have formed metallic salts. 


. To extend the authors’ previdus iiedeatons ( J. Indian Chem. Soc, 
1939, 46, 677), the reaction of potassium cyanide has been tried on a-chlorc- 
chlorai-chioro-2-methoxy- and o-chlorochloral-bromo-2-methoxybenzamides 
R’ CO’ NH’ CH(Cl)’ CCl. The a-chlorine atom, being very reactive, 
better regulates ‘the cyanide reaction than does the o-hydroxyl group, which 
as in chloral-acetamide and choral-benzamide, leads to complex substances 
of unknown constitution (Schiff and Speciale, Gazzetta, 1879, 9, 335%. 
By using an excess of potassium cyanide in dry acetone medium, e-cyano 
compounds have been isolated, which, however, are not the simpie 
substitution products R°'CO°"NH’CH(CN)°CCl;. It is found that potassium 
cyanide, besides substituting the a-chlorine atom, simultaneously removes 
a molecule of hydrogen chloride from the chloralamide gfoup, givinz 
tise to a BB-dichloro -a-cyanovinyl derivative R’ CO’ NH’C(CN): CCl. 

The spontaneous formation of unsaturation explains the need for T® 
excess of potassium cyanide in the reaction. Chloral condensation 
compounds, R°CH(OH)°CCl;, have long been known to yield dichloroviny] 
derivatives by the action of alcoholic potash (cf. Goldschmidt, Ber., 1873, 
6, 985), potassium cyanide here also acting like alkali. 

The nitriles have been hydrolysed with concentrated hydrochloric acid 
to the corresponding carboxylic acids; R°CO’NH’C(COOH): CCh. 

The yield. of cyano compounds is rather poor (ca 39%), but ther 
conversion into acids is quantitative. The acids are comparatively unstabe 
and tend to decompose on melting (or heating with alkalis) with evoluticn 
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Although the above compounds are unsaturated, they do not add 
bromine due to the resisting polar effects of the adjacent radicals (cf. Hugo 
and Bauer, Ber., 1904, 37, 3317; Ley, ibid., 1917, 50, 243). 

Hirwe and Deshpande (private comunication) have obtained analogous, 
unsaturated products, while studying the reaction of potassium cyanide on 
a-chlorochloral-tolylamides. : ° 


ExPERIMENTAL. 


Potassium Cyanide Reaction.—Potassium cyanide (5 g ) was added toa 
dry acetone solution of the freshly prepared e-chlorochloralamide (5 g.) in a 
bottle fitted with a spring stopper, with cooling and then the mixture was 
mechanically shaken for about 4 hour, during which period a rapid colour 
change-(usually from pinkish to rusty-red to brown) was observed. - Shortly 
after this change of colour ‘ceased the reaction mixture was poured into 
ice-water, when the a-cyano compound was precipitated. 

Hydrolysis of the o-Cyano Compound.—The «-cyano compound (2 g.) 
and concentrated hydrochloric acid (50 c.c) were mixed together in- a 
tube and heated under reflux on a steam-bath for-about 2 hours, the 
mixture being well shaken-from time totime. The solid, without going 
into solution, slowly changed into a flocculent mass. It was filtered off 
afer cooling, washed and then dissolved in a solution of sodium carbonate 
‘and filtered. ‘The carboxylic acid was obtained by: acidification af the 
“solution with dilute hydrochloric acid. ‘ : - . 

The sodium -salt of the acid was prepared in’ acetone solution re 
neutralisation ; other salts were prepared by double decomposition of the 
alkali or ammonium salt. The compounds described below gave no ferric 
reaction. * ? 
BB-Dichloro-a-cyanovinyl -5-chloro-2-methoxybenzamide, prepared from 
a-chlorochloral-5-chloro-2-methoxybenzamide, is soluble readily ‘n methanol, 
alcohol, acetcne, glacial acetic acid and sparingly in chloroform and benzene. 
Tt crystallised from gcetone in long, shining needles, mp. 171-72°, yield 
ag. (Found: C, 43-35; H, 2'20; N, 9'0; Cl, 35°0. C,,H,O.N.Cl, requires 
C, 43°21, ; H, 2°29; N, 917; Cl, 34°86 per cent). 

BB-Dichlo10-a-carboxyvinyl-5-chloro-2-metho, xybenzamide, - prepared 
from 8-dichloro-e-cyanovinyl-5-chloro-2-methoxybenzamide, is soluble 
readily in methanol, alcohol, acetone and sparingly in - glacial 
acetic acid. It crystallised from acetone in white, shining‘ needles 
m.p. 199-200° (decomp.) It turned pinkish on long standing. (Found ; 
N, 4-173 Cl, 32°73; Equiv., 325°7. CixH,O.NCls requires N, 4 31; Cl, 32°83 
per cent, Equiv., 324°5). 
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The sodium sali crystallised fromi’ water in pinkish needles. (Found: 
Na, 6°89. C1,4H,O,NCI,Na requires Na, 6°64 per cent). 

The barium salt crystallised from water in white needles which became 
pinkish on standing. [Found : Ba, 17-0; H.O, 4°51. (C,,H;O,NCI;)2Ba, 2H. 
requires Ba, 16°75; HO, 4°39 per cent]. 

88-Dichloro--cyanovinyl-3:5-dichloro-2-melhoxybenzamide was preparec 
from a-chloroctiloral-3:5-dichloto-2-methoxybenzamide. It is soluble in 
methanol, alcohol, acetone and glacial acetic acid and crystallises from 
acetone in long, shining needles, m.p. 172-73°, yield 1°8 g. (Found: N,8'93: 
Cl, 42°04 CiH,O.N2 Cl, requires N, 8°42; Cl, 41°77 per cent). 

88-Dichloro-a-carboxyvinyl-3:5-dichlo10-2. methoxybenzamide, preparec 
from 88-dichloro-e-cyanovinyl -3:5-dichloro-2-methoxybenzamide, crystalliseé 
from acetone in long. shining needles, m.p. 202-3° (decomp.). (Found: Ci 
39.33; Equiv, 3581. CyH,O,NCI, requires Cl, 39°56 percent. Equiy.. 
358°9). 

The sodium salt crystallised from water in pinkish needles. (Found: 
Na, 5°40; H.O, 4.31. CisyH ,OyNCl, Na, H.O requirs Na, 5°76; H.O, 4’5: 
per cent). ’ 

The barium sall crystallised from water in greenish yellow, thick 
plates. [Found: Ba, 15’19, 15°16. (C;,H,O,NCI,)2Ba, 4H.O requires Ba, 
14°85 per cent]. 

BB-Dichloro-a-cyanovinyl-5-bromo-a-methoxybenzamide, prepared fror 
a-chlorochloral-5-bromo-2-methoxybenzamide, crystallised from acetone ia 
long shining needles, m.p. 177-78°, yield 2g. (Found: N, 8°02; Halogen, 
42°99. Cy,H,O.N,Cl, Br requires N, 8°0; Halogen, 43°09 per cent). 

BB-Dichloro-e-carboxyvinyl-5-b1 omo-2-methorybenzamide, prepared from 
GB-dichloro-a-cyanovinyl-5-bromo-2-methoxybenzamide, crystallised from 
acetone in shining needles, m.p. 203-4° (decomp ). (Found: N, 3°70; Haloger, 
40°82; Equiv., 368.5. CiHsO,NCI,Br requires N. 3°79; Halogen, 40°87 
per cent. Equiv., 368.9). 

The sodium salt crystallised from water in needles. * (Found: Na, 5°54. 
C,,H,O,NCI,BrNa requires Na, 5°88 per cent). 

. The calcium salt crystallised from water in plates. .[Found: Ca, 5‘1c, 
4.98. (C,,H,0.NC1,Br),Ca,2H,O requires Ca, 4°93 per cent]. 

BB-Dichior0-0-cyanovinyl-3:5-di bromo-2-methoxybenzamide was prepared 
from o-chlorochloral-3:5-dibromo-2-methoxybenzamide. It crystallised from 
acetone in long shining needles, m.p. 220-21° (decomp.), yield 2 g. (Found: 
N, 6°62; Halogen, 54°00. C,,H,O.N.Cl, Br. requires N, 6°53; Halogen, 
53°83 per cent). 
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88-Dichloro-a-cai boxyvinyl-3:5-dib1 omo-2-methoxybenzamide was pre- 
pared from 88-dichloro-a-cyanovinyl-3:5-dibromo-2-methoxybenzainide. It 
crystallised from acetone in shining needles, m p. 217-18° (decomp.) It 
turned brownish on standing. (Found: Halogen, 51°36; Equiv., 447°3. 
C,,H,O,NCI.Br, requires Halogen, 51°53 per cent. Equiy., 447.8). 

The sodium salt crystallised from water in needles. (Found ~ Na, 4°36; 
H.0, 7-40. Cy,H.O.NCI,Br.2Na, 2H,O requires Na, 4°54; HO, 7°11 per. 
cent). , ; : 
The barium salt crystallised from water in plates. [Found: Ba, 12 92, 
12 94. (Cy,H,O,NCI,Br.).Ba, 3H,O requires Ba, 12°66 per cent]. 

Our best thanks are due to Prof. R. C. Shah for his kind interest in 


this investigation. 
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CYANOCAMPHORANILIC ACIDS AND THEIR ROTATORY 
POWERS. 


By Mayan SINGH AND ARJAN SINGH. 


3’-and 4’-cvanocaniphoranilic acids have been prepared and their rotatory powers dete-- 
mined. The position of CN group in the sequence of substituent groups is anomalous: 
It should be in the proximity of COOH group, but actually it falls with the halogens. 


Rule and co-workers (J. Chem. Soc., 1924, 1121 et seq.), have 
shown that the polar effect of a substituent: group is manifest in optical 
activity. ‘The order in which the substituents are arranged is identica! with 
the order obtained from the dipole moment This series such as NO., 
COOH, CN, Halogens, H, Me, NMez, which 1s deduced from the dipo‘e 
moments, represents a gradual transition from strongly electronegative 
groups through hydrogen to those increasingly electropositive in character. 

In previous papers (J. Chem. Soc., 1925, 1967 ; 1927, 1996 et seq., 
the following values were obtained for 4/-camphoranilic acids in methz] 
alcohol. 


COOH. CoHy. Cl. OFt. Me. OMe. © Br. I 
[e]p 255 59:0 58-8 56°3 56 533-593 44-16 


We should expect that substitution of CN group in camphoranilic acid will 
increase the rotation of the parent compound. 4’-Cyanocamphoranilic acid, 
now prepared, has [a]», 58-0 (methyl alcohol). The position of this group &, 
therefore, anomalous in the sequence of substituent groups; it should be in 
the proximity of COOH group. 

3'-Cyanocamphoranilic acid, as expected, has smaller rotatory power then 
the corresponding 4/-isomeride in all the solvents tried. 


ExPERIMENTAL. 


Camphoric anhydride and cyanoaniline in molecular proportious we-e 
heated with a little fused sodium acetate for 3 to 4 hours in an oil-bath at 
120-30° and the product extracted with alcohol Ata slightly higher tem- 
erature the yield diminished. 


4'-Cyanocamphoranilic acid was extracted with alcohol (animal cher- 
coal), and precipitated by the addition of water and crystallised from diltte 


’ 
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alcohol as a yellowish powder, m.p..r40°. (Found : N, 897; Equiv., 304. 
Ci7H2.O3N2 requires N, 9°3 per cent. Equiv., 300). 

3'-Cyanocamphoranilic acid, 1solated in a similar way, was extracted 
with a dilute solution of sodium hydroxide or ausmonium hydroxide and the 
product reprecipitated by the addition of dilute acetic acid or hydrochloric 
acid, the process being repeated till the m.p. rose to 108-10°. (Found: 
N, 85, 8-7; Equiv., 318. Cy,H2.O3N2,H.0 requires N, 88 per cent 
Equiv., 318). . 


Rotations of Cyanocamphoranilic Acids. 


[The readings were taken in 2 dem. tube ] 


Solvent. Conc. g./25 c.c. ap. faJo. Conc. g /25 ¢.c. aD. [alp 
3"-Cyanocamphoraunilic acid. 4’-Cyanocamphoranilic acd. 

MeOH 0°20 g. 0-78° 48",° 025° _ 116° 58-0 

EtOH 0:20 0-62 38°8 0 25 1'03 51°5 

Me,CO 0-20 0°60 37'S 0°25 0-99 495 

MeEtCO 0°20 0-47 293 0°25 o 80 40°4 
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KOSTANECKI-ROBINSON REACTION. PART II, PROPIONYL- 
ATION AND BUTYRYLATION OF ORCACETOPHENONE 
AND ITS MONOMETHYL ETHER. 


By S. M. Seruna ano R, C. Swag. 


In continuation of the work described in Part I orcacetophenone has been propionyl- 
ated and butyrylated. The condensation products on treatment with concentrated s11- 
phuric acid give 7-hydroxy-3: 5-dimethyl-4-propionomethylcoumarin and 7-hydroxy3- 
ethy]-4-butyromethyl-s-methylcoumarin respectively. These on treatment with alkeli 
give 7-hydroxy-3 : 4: s-trimethylcoumarin and 7-hydroxy-3-ethyl-4 :5-dimethylcoumarin 
respectively. 7-Hydroxy-2-ethyl-s-methylchromone and 7-hydroxy-2-propyl-5-meth7] 
chromone, required for.comparison, have been synthesised from the A-diketones obtain:d 
by the condensation of orcacetophenone dimethyl ether with ethyl propionate and erby! 
butyrate respectively. 


Resacetophenone on Kostanecki acetylation gives a chromone (Kosta- 
necki and Rozycki, Ber., 1901, 3%, 102). A similar acetylation of orcaceto- 
phenone and its monomethy! ether gave 7-acetoxy-4-acetomethyl-5s-methyl- 
‘coumarin and, 7-methoxy-4-acetomethy]l-5-methylcouimarin respectivel~. 
These on deacetylation gave 7-hydroxy-4 : 5-dimethylcoumarin and 7- 
methoxy-4 : 5-dimethylcoumarin respectively, as described in the previous 
part (Sethna and Shah, J.Indian Chem. Soc., 1940, 17, 239). The forma- 
tion of the 4-substituted C-acylcoumarins in Kostanecki acetylation hes 
been observed for the first time in the above work. In view of these 
interesting results the work has been extended to the propionylation and 
butyrylation of orcacetophenone and its monomethy] ether. e 


Orcacetophenone on heating with sodium propionate and propianic 
anhydride yields a brown viscous mass. which cannot be either distilled er 
crystallised and so is directly treated with concentrated sulphuric acid for tke 
hydroiysis of the O-propionyl group, when a product C,s5H,,0, (A) is ob- 
tained whieh gives the acetyl derivative, methyl ether and 2 : 4-dinitro- 
phenylhydrazone. The product ‘A) on treatment with alkali gives (B) 
Ci2H,.03, which is found to be not identical on direct comparison wich 

_q-hydroxy-2-ethyl-5-methylchromone (Il, R=C.H,) synthesised fcr tke 
purpose. The structure of 7-hydroxy-3 : 4 : 5-trimethylcoumarin (I, R=E) 
has, therefore, been assigned to(B). The molecular formula of (A) diffe-s 
from (B) by C3H,O which suggests the presence of a propionyl group. ‘This 
group must be in the pyrone ring as itis easily split off by alkali and alco 
because the product (A) does not give a ferric chloride colouration, Tke 
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structure of 7-hydroxy-3: 5-dimethyl-4-prop*nomethylcoumarin (I,R= 
COC.H;) has been, therefore, assigned to (A) by analogy with the results 
obtained in the acetylation of orcacetophenone. 

The mouomethy! ether of orcacetophenone gives on similar propionyl- 
ation 7-methoxy-3 : 5-dimethyl-q-propionomethylcoumarin, identical with the 
methyl ether of (I, R=COC.H;). . 

An attempt has been made iu this connection to synthesise 7-hydroxy- 

3:4:5- -trimethylcoumarin through the Pechmann condensation of p-orsel- 
linic acid with ethyl a-methyl-acetoacetate. It has, however, been found that 
under the usual’ conditions of the reaction neither f-orsellinic acid “nor 
methyl p-orsellinate condenses with ethyl « methyl-acetoacetate. Under 
more drastic conditions, a very small quantity of an acid is obtained which 
is found-to be the same as the acid obtained on heating p-orsellinic acid 
‘alone with concentrated sulphuric acid. under the above ~ conditions of 
reaction. ‘he acid is probably obtained by the condensation of two mole- 
cules of p-orsellinic acid and may have the structure (IV, R=COOH) of a 
diphenyl metayloid derivative, the product obtained on decarboxylation 
having the structure (IV, R=H). 
. Orcacetophenone on butyrylation gives a brown viscous seu which 
cannot be pur‘fied and so is treated directly with concentrated sulphuric acid, 
when a product is obtained which is supposed to be 7-hydroxy-3- -ethyl-4- 
butyromethyl-5- methyleoumarin (II, R=COC,;H,) by analogy with the 
previous work. ‘his on treatment with alkali gives 7-hydroxy-3-ethyl 
-4:5-dimethyleoumarin (I, R=H)', which is found to be not identical 
on direct comparison with 7-hydroxy-2-propyi-s5-methylchromone 
(II, R=C,H,). oi 

The monomethyl ether of orcacetophenone on butyrylation gives br own 
viscous product which can neither be distilled nor crystallised. , 

Propionylation and butyrylation of monoethyl ether of resacetophenone 
gives a mixture of chromones and coumarins, the yield of the latte: being 
greater than that of the former (Heilbron, Hey and Lythgoe, J. Chem. 
Soc., 1934, 1581; 1936, 297). In the propionylation ahd butyrylation 
of orcaceto- pnenone we have not been able to isolate any chromones. As 
in the acetyl- ation of orcacetophenone, 4-substituted C-acylcoumarins- have 
been obtained. The 6- methyl group in orcacetophenone, therefore, seems to 
have a ‘ profound influence on the course of the Kostanecki reaction and- the 
eftect of this group may be steric. ; . eS 8s) iat 

The chromones required in this work for comparison have been pre- 
pared by the condensation of orcacetophenone dimethyl ether with ethyl 
propionate and ethyl butyrate respectively. The @-diketones are treated 
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e 
with cold hy drobromic acid solution when methoxy chromones are obtained. 
These on heating with hydriodic acid give 7-hydroxy-2-ethyl-5-methyl- 
chromone (III, R=C.Hs) and 7-hydroxy-2-propyl-5-methylchromone (III, 
R=C,;H;) respectively. 


nines x0 eo 
Res ees 
Me C’CH.R Me C’CHLR 
(1) ; (II) 
a ce (FP 0 Nou 
Pe wee 
Me CO 
(li) av) 


ExPERIMENTAL 


Propionylation of Orcacetophenone: 7-Hydroxy-3:5-dimethyl-4-pro- 
pionomethylcoumarin (I, R=COC,H;).—Orcacetophenone (10 g.), prepar- 
ed by Hoesch’s method (Ber., 1915, 48, 1127) was refluxed with sodium 

ropionate (30g.) and propionic anhydride (roo c.c.) in an oil-bath at 
180-190° for g hours, The excess of propionic anhydride was distilted 
over and the reaction mixture added to water. Dark brown viscous oil 
separated which did not solidify even on keeping for 3 to 4 daysina 
frigidaire. It was taken up in ether and the ether extract wa# thoroughly 
washed with sodium bicarbonate solution. ‘The residue from ether extract, 
a dark brown viscous oil, couid not be either distilled at reduced pressure 
or crystallised and so was treated with concentrated sulphuric acid (15 c.c.) 
and kept for 4 hours. The reaction mixture was then added to ice-cold 
water, when pale greenish yellow solid separated which was crystallised 
from rectified spirit in pale yellow tiny silky needles (4:5 g.), m.p. 207-9°. 
The product gave no fluorescence with concentrated sulphuric acid or caustic 
alkalis and showed no co'ouration with alcoholic ferric chloride. (Found : 
C, 68:9; H, 6-2. Cy5H,.O, requires C, 69-2; H, 6:2 per cent) 

The acetyl derivative, prepared as usuai with sodium acetate and acetic 
anhydride, was crystallised from rectified spirit in tiny shining needles, 
m.p. rri-13°. (Found: C, 67-4; H, 58. CisHisOs requires C, 67:5; 
H, 60 per cent). . 


2 
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7-Methoxy-3:5-dimethyl-4-propignomethylcoumarin, prepered with 
potassium carbonate and methyl iodide as usual, was crystallised from 
rectified spirit in faint greenish meedles, m.p. 75-77°. (Found: C, 7o'1; 
H, 6-6. C,,H,,0, requires C, 701 ; H, 6-6 per cent). 


The 2:4-dinitrophenylhydrazone, prepared as usual»was crystallised from 
alcohol-acetic acid mixture in yellow needles. m.p. 255-56° (decomp.). 
(Found: N, raz. C.,H..O,N, requires N, 12-7 per cent). 


7-Hydroxy-3°4:5-trimethylcoumaiin (I, R=H).—The product (1, R= 
COC.H;) (3g.) was shaken up with sodium hydrox de (6%, go c.c.) and 
kept for 3 hours. The reaction mixture was then acidified with concen- 
trated hydrochloric acid, when a pasty product came down which solidified 
on keeping im a frigidaire overnight. It was crystallised from rectified 
spirit and uinally from 50% acetic acid in small slender needles (1 g.), 
m.p. 195-97°, mixed m.p. with 7-hydroxy-a-cthyl-5 methylchrcmone was 
depressed by 30°. The product gave bluish fluorescence with concentrated 
sulphuric acid and with caustic alkalis. (Feurd: C, 703; H, 6-0. C12H}.05 
requires C, 70-6 ; H, 59 per cent). : 


The methyl ether, prepared as usual by potassium carbonate-methyl 
jodide method, was crystallised from dilute alcohol in prisms, m.p. 9go-y2°. 
(Found : C, 70-7; H, 6°4. CisH 1,0; requires C, 71-6 ; H, 6-4 per cent). 


Propionylation of Orcacetophenone Monomethyl Ether.—Orcacetophenone 
monomethby] ether (2 g-), prepared from orcacetophenone, dimethyl sulphate 
and alkali (Hoesch, loc. cit.), was refluxed with sodium propionate (6 g.) 
and propionic anhydride (20 c.c.) for 8 hours at 180-90°. The brown 
viscous mass, obtained as residue from ether extract, on working up as above 
was dissolved in rectified spirit and kept in a frigidaire when tiny faint 
yellow needles separated (0-4 g.), m-p. 74-76° (mixed m.p. with 
4-methoxy-3:5-dimethyl-4-propionomethylcoumatin described above). 


(al:4!-Dimethoxy-6'-methyl)-benzoylp1 opionylmethane.—Dimethy1 ether 
of orcacetophenone (6 g.), prepared from orcacetophenone, dimethyl sulphate 
and sodium hydroxide (Tambor, Ber., 1908, 41, 794) and ethyl propionate 
(13 g., approximately 4 mol.) were added to pulverised sodium (15 g., 
approx. 2 mol.), the whole being cooled externally by cold water. After 
the initial vigorous reaction had subsided the reaction mixture was heated in 
an oil-bath at 115-20" for 1 hours. On cooling, water was added to decom- 
pose the excess of sodium and the mixture wasextracted with ether to remove 
the excess of ethyl propionate and the unreacted dimethyl ether of orcaceto- 
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phenane. The alkaline solution, on acidification with d:lute acetic acid, 
gave an oil: This was taken up in ether, the ether extract was washed 
with sodium bicarbonate solution and dried The oil, obtained on evapora- 
tion of ether, was distilled under reduced pressure and the fraction which 
distilled over at 185-90°/2-4 mm. (4 g.) was collected. It gave deep reddish 
violet colouration With alcoholic ferric chioride. (Found: C, 67-2; H, 7:3. 
Ci4H,O, requires C, 67-2 ; H, 7:2 per cent). 


7-Methoxy-2-ethyl-5-methylchromone—The above §-diketone (2 g.) 
was kept for 24 hours with hydrobromic acid solution {d 1-78, 5 c.c.) and 
then pouied into water. The brown solid, which separated, was treated with 
dilute sodium hydroxide to remove demethylated chromone if anv. 
The portion insoluble in alkali was crystallised from rectified spirit 
in long slender needles (07 g.), m.p. 130-32°. (Found: C, 713 ; H, 63. 
C.,2H,,03 requires C, 71°6; H, 64 per cent). 


7-Hydroxy-2-ethyl-5 methylchromone (IIIl, R=C.H,).—The abore 
methyl ether (0-3 g.) was dissolved in acetic anhydride (3 c c.) and refluxed 
in an oil-bath at 130-140° for 2 hours with hydriodic acid solution (d 1-7, 
5c.c.). The product, obtained on adding the reaction mixture to sodium 
bisulphite solution, was treated with sodium hydroxide. The porticn 
soluble in alkali came down on acidification with hydrochloric acid and wes 
crystallised from rectified spirit in slender shining needies (0°15 gJ, 
m.p. 195-97°. It gives biue fluorescence with concentrated sulphuric acid. 
(Found: C, 70°33 H, 5°9. CisH 1.203 requires C, 70°6, H, 5'9 per cent). 


Attempted Pechmann Condensation of Metliyl p-Orsellinate and 2- 
Orsellinic Acid with Ethyl a-Methylacetoacetate. 
@ 


(i) Methyl p-orsellinate (1 g.), prepared from f-orsellinic acid ard 
diazomethane (Herzig, Monatsh, 1903, 24, 894), ethyi a-methylacetoaceta e 
(x g.i end sulphuric acid (80%, 10 c.c.) were kept for 4o hours. Cn 
working up as usual the product was found to be only p-orsellinic acid. 


(i) p-Orsellinic acid (5 g.), ethyl a-methylacetoacetate (4-5 g.) ard 
concentrated sulphuric acid (30 c.c.) were kept overnight and next dey 
the reaction mixture was heated at 60-7o0° for 4 hours. -Orsellinic ac d 
was obtained back on working up the reaction mixture as usual. 


(iii) The above reaction mixture (ii) was heated on a water-bath at 
60-70° for 16 hours and poured into water. The product obtained was 
filterel, washed with water and treated with sodium bicarbonate solution 
when the whole of it went into solution. ‘The product, obtained-on aciGi- 
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fication, was crystallised from rectified spirit in "tiny pale greenish needles 
{fo-3 g.), m.p. 235-37° (efferv.). [Found: C. 63°90; H, 4°7. CigHi20¢ 
(IV, R=COOH) requires C, 64°0; H, 4:0 per cent). It gave greenish blue 
colouration with alcoholic ferric chloride and intense greenish fluorescence 
with alkali. ‘The above product was heated for 5 minutes at 240-50° in an 
oul-bath till the effervescence ceased, when asolid was ébtained which was 
crystallised from alcohol in tiny pale yellow needles, m.p. 265-67°. 
[Found: C, 706; H, 55. CisH.2.0, (IV, R=H) requires C, 70:3; 
H, 4-7 percent]. The product gave pale bluish green colouration with 
alcoholic ferric chioride and an intense greenish fluorescence with alkali. 


Heating p-Orsellinic Acid with Concentrated Sulphuric Acid.—p-Orsellinic 
acid (3 g-) was heated with concentrated sulphuric acid (25 ¢.c.) for 16 
hours at 60-70°. The product, obtained on adding the reaction mixture 
to water, was crystallised from rectified spirit in tiny yellow needles (0-2 g.), 
m.p. 235-37° (eiferv.), mixed m.p. with the acid obtained in (iii) above was- 
the same. ‘ 


Bulyrylation of Orcacetophenone: 7-Hydioxy- 3-ethyl- 4-butyromethyl- 
s-methylcoumarin (II, R=COC;H;).—Orcacetophenone (10 g.), sodium 
butyrate (30 g.) and butyric anhydride (roo c.c.) were refluxed in an oil- 
bath at 180-90° for 8 hours, and the reaction mixture was added to water. 
Excess of sodium bicarbonate solution was added and the whole kept in 
a frigidaire. The brown viscous oil, which separated, did not solidify and so 
was taken upin ether. The ether extract was washed with sodium bi- 
carbonate solution. The brown viscous oil, obtained from the ether extract, 
could neither be distilled nor crystallised out and hence was directly 
treated with Concentrated sulphuric acid (20c.c) and kept for about 2 
hours. ‘The yellowish solid, obtained on pouring the reaction mixture into 
cold water, was crystallised from rectified spirit (charcoal) m pale yellow 
silky needles (6g.), m.p. 155-56°. (Found: C, 706; H,68. CipHoO, 
requires C, 70°8 ; H, 6'9 per cent). 


The product gave no fluorescence with concentrated sulphuric acid or 
with caustic alkalis and gave no colouration with alcoholic ferric chloride. 


The acetyl derivative, prepared as usual with sodium acetate and acetic 
anhydride, was crystallised from rectified spirit in needles, m.p. 79-80°. 
(Found : C, 69°2 ; H, 6-7. Ci,H.20; requires C, 691 ; H, 6-7 per cent). 

The methyl ether, prepared as usual by the potassium caibonate-methyl 
iodide method, was crystallised from alcohol in tiny yellow needles, m.p. 
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51-54°. (Found: C, 714": H, 74. CisH2204 requires C, 71°5; H, 73 
per cent). 


The 2: 4- dinitrophenylhydrazone, prepared as usual, was crystallised 
from rectified spirit in tiny yellow needles, m.p. 253-54° (decomp.). (Founc : 
N, 11'5. C.s3H2,0,N, requires N, 12°0 per cent). 


7-Hydioxy- 3-ethyl- 4:5-dimethylcoumarin (II, R=H)—The condea- 
sation product (II, R=COC,H,) was treated with sodium hydroxide (10%, 
40 cc.) and kept for 3 hours. The product, obtained on acidification, was 
crystallised from rectified spirit in clu-ters of white tiny needles (2 24), 
m.p. 170-72°. Mixed m.p. with 7-hydroxy-2-propyl-5-mcthylchromone 
was depressed by 30°. (Found: C, 714; H, 6-4. CisHi,0O3 requires C, 
71-6: H, 64 per cent). The product gave bluish fluorescence wich 
concentrated su!phuric acid and caustic alkalis. : 


The methyl ether, prepared by the potassium carbonate-methyl icdijte 
method, was crystallised from rectified spirit in colourless rectangular 
prisms, m.p. 79-81°. (Found: C, 72:2; H, 7-3. CisHigO3 requires 2, 
72°4; H, 69 per cent). 


Altempted Bulyrylation of Orcacetophenone Monomethyl Ether. 


Orcacetophenone monomethyl ether (2 g.), sodium butyiate (6 g.) 
and butyric anhydride (20 c.c.) were refluxed for § hours at 180-90°. ‘Tne 
reaction mixture on working up as before gave thick brown oil which 
charred on an atlempt at distillation. It did not give any crystals on 
treatment with various solvents. 


(2! : 4'-Dimethoxy-6'-methyl)-benzoyl-butyrylmethane.— Orcacetophenene 
dimethyl ether (6 g.) and ethyl butyrate (13 g., approx. 4 mois) were 
added to puiverised sodium (1-5 g., approx. 2 mols.) After the initial 
vigorous reaction had subsided the reaction mixture was heated in an 
oil-bath at 115-20° for 14 hours. On working up as before, a brownish >il 
was obtained which distilied at 220-25°/20-25 mm. to a pale yellow nil 
(4 g.). It gave deep reddish violet colouration with alcoholic ferric chloride. 
(Found: C, 68:9; H, 79. CisHucO, requires C, 68:2; H, 7-6 per cent). 

The copper salt, prepared from the above f-diketone and copper acetate, 
was crystallised from benzene in dark bluish green needles, m.p. 175-77°. 
[Found : Cu, 1z-xr.  (Cy5H,0,)2 Cu requires Cu, r0°8 per cent]. 


7-Methoxy- 2-propyl- 5-methylchromone.—The above #-diketone (2 2. 
was kept for 40 hours with hydrobromic acid solution (d 1°78, 7 c.c.) and 
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then poured into water. The product ‘obtained was treated with dilute 
sodium hydroxide solution. This, however, gave nothing on acidification. 
The alkali-insoluble portion, after thorough washing with water, was crys- 
tallised from dilute alcohol in rectangular prisms (o°8 g.), m.p. 9,-98°. 
(Found: C, 72-4; H, 6-9. C4H,Os requires C, 724; H, 69 pet cent). 


7-Hydroxy- 2-propyl- 5-methylchromone (III, R=C,H,).—The above 
methyl ether (os g.) was dissolved in acetic anhydride (3 c¢.c.) and refluxed 
with hydriodic acid solution (d1-7, 3cc.) for x hour in an oil-bath at 
148-55°. The product, obtained on pouring the reaction mixture into _ 
sodium bisulphite solution, was treated with dilute sodium hydroxide 
solution. ‘The portion, insoluble in alkali, was found to be the undemethy- 
lated methyl ether. The product, obtained on acidification of the alkaline 
soiution with hydrochloric acid, on crystallisaticn frcm rectified spirit gave 
needles, m.p. 163-65°. (Found: C, 71-7; H, 6:5 Cy3H.,Os requires C, 
71-6; H, 6-4 per cent). 

All the analyses recorded are microanalyses. Further work on the 
Kostanecki-Robinson reaction on various o-hydroxy-ketones is in progress. 


ELPHINSTONE COLLEGE AND Received May 16, 1940. 
RovaL, Instrru7g oF Science, BOMBAY. 


SULPHONAMIDES, PART I. : 


By Goresaran Lat Joneja, KARTAR SINGH NARANG 
-@ AND JNANENDRA NATH Rav. 


Some of 5-, 6- and 8- sulphonamidoquinolines have been synthesised. Some of tte 
compounds have been tested on mice infected with pneumococci and encouraging resul-s 
have been obtained. 


M. B. 693 has found an extensive use in medicine and has proved 
very efficacious in the treatment of certain infectious diseases, particularly. 
in the treatment of pneumonia. This drug contains p-aminobenzene-su_- 
phonylamino group attached to a pyridine ring. It was thought interesting 


to synthesise compounds the type (I), because such a side-chain is known to 
lower toxicity. 


— “™N 
RICH,)«'CO'NHC >S0.'NE | | 
VV 
N 
(I) 
H, 4; 
where R=NEt, or —N<¢ Hi N=TI or 2. 
H, Hs. 


The group, R(CH,)zCONH-C,H.SO.NH, has been introduced in 5, 
6 or 8 position of the quinoline molecule. (cf. Bobranski, Arch. Phamnr., 
‘1939, 277, 75) 

For this purpose » acetylaminobenzenesulphonyl chloride has been 
condensed with aminoquinolines. For example, witlt 6-aminoquinoline it 
gives 6-(p-acetylaminobenzenesulphonamido-) quinoline(II, R=COMe), which 


RNH € _s0.'NE () 
: Sl 
N 


(11) 
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has been hydrolysed to the related amine (11,°R=H). The chloroacetyl 
derivative (II, R=CO‘°CH,Ci) cf which, when condensed with diethylamine - 
or piperidine, gives the desired compounds of the geneial fo:mula (I). 

Some of these conipounds have been tested on mice infected with 
pneumococci IIL and have given results which compare very favourably 
with M.B. 693. These details will be published elsewhere. 


ExPERIMENTAL. 


6 (p-Acelylaminobenzenesulphonamido)-quinoline.—A solution of 6- 
aminoquinoline (0°52 g.) and p-acetylaminobenzenesulphonyl chloride 
(0°46 g.) in diy chlorotorm (75 c.c.) was heated on a steam-bath for 4 hour, 
when a brownish yetlow product separated out. Chloroform was decanted 
off and the residue, after trituration with water, was crystaliised from 
alcohol (animal charcoal; in colourless transparent plates, m.p. 283°, 
yield 0's g. (Bobranski records m. p. 282°). (Found: N, 12°04. C.,;H,,0;N38 
requires N, 12°3 per cent). 

6 p-A minobenzenesulphonamidoquinoline (11, R=H):~A misture of the 
foregoing acetylamino compound (0'5 g) and hydrochloric acid (zo c.c., 
d 115) was refluxed on the steam-bath for 10 minutes. The cooled solu- 
tion was basified with ammonia when the amine was obtained as a pale 
yellow product. This was crystallised from dilute alcohol in coiourless 
rectangular plates, m.p. 200°, yield theoretical. (Bobranski records m. p. 
2or°) (Found: N, 13°42. CisHis0,N3S requires N, 14’0 per cent). 

6-p-Chloroacetyluminobenzenesulphonamidoquinoline 1, R=COCH,CI). 
—Chloracetyl chloride (1°2 g.) was gradually added to a solution of the 
amine (3 g.) in dry dioxan (50c.c.). The mixture was warmed to 70° for 
2 minutes and then allowed to cool. ‘The solvent was detanted cif and the 
pale yellow iesidue washed with a smail amount of ice-cold water and then 
crystallised from glacial acetic acid in colourless small plates, m.p. 166 68° 
(decomp.). (Found after drying in high vacuum at 120°: N, 10’o. 
C17H10,N.SCl' HCl requires N, 10 19 per cent), 

6 p-Piperidinoacetylanminobenzenesulplonamidoquinoline.—A solution 
of the above substance (4°x g.) and piperidine (1°7 g.) in absolute 
alcohol (150 ¢.c.) was refuxed on the steam-bath for 2} hours. After 
removal of the solvent the residue was treated with water when a slight 
turbidity appeared. Sodium acetate was added to the filtrate and the base 
extracted with ethyl acetate. The crude base obtained after removal of 
the solvent solidified on repeated treatment with hot petroleum ether. 
The substance was finally crystallised from a mixture of benzene and ethyl 
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acetate (2: 1) in colourless plates, m.p. 131°. (Found: N, 13°46. 
C22H..O03N,S requires N, 13°21 percent). 
6-(p-Diethylaminoacetylaminobenzenesulphonamido)-quinoline, pre- 
pared in the same manner as the above piperidino compound, crysta’- 
lised from a mixtyre of benzene and petroleum ether (r : ro) in colourless 
plates, m.p. 137°. (Found: N, 13°13. Ce:xH2sO3N4S requires N, 13°52 
per cent). 
6-Substituted derivatives (with n=2) as well as all the 8- and 5- subst - 
tuted compounds described below were prepared in the same way 2 
the corresponding 6-substituted derivatives (n=1) which have already 
been described. 6-(p-Chloropropionylaminobenzenesulphonamido)- quinoline 
hydrochloride crystallised from acetic acid in light yellow transparert 
needles. (Found: N, 943. CisH:s0;sNSCI’HCI requires N, 9°82 per cent . 
6-(p-Piperidinopropionylaminobenzenesulphonamido)-quinoline, obtained 
in 60% yield, crystallised from benzene, m.p. 198-201°. (Found : N, z2’‘e. 
CosHagOsNuS requires N, 12°78 per cent). 


6-(p-Diethylaminopropionylaminobenzenesulphonamido)- quinoline wes 
obtained in 80% yield. It crystallised from benzene in colourless plates, 
m.p.147 49°. (Found : N, 13°18. CosHeeOsN,S requires N, 13°15 per cent). 
8-(p-A cetylaminobenzenesulphonamido}-quinoline crystallised fron 
alcohol in transparent rods, m.p. 194°, yield 70%. (Bobranski records m. >. 
193°). (Found : N, 12°21. Cy7H,;03N3S requires N, 12°31 per cent). 
The amine from the above compound crystallised from dilute alcabol 
in needles, m.p. 188°. yield quantitative. (Bobranski records m. p. 193’5). 
(Found : N, 13°56 C1sHis0.N,S requires N, 140 per cent). 
8-(p-Chloroacetylaminobenzenesulphonamido)-quinoline *hydrochloriae, 
obtained in 55% yield, crystallised from glacial acetic acid in pale yellow trans- 
parent plates, m.p. 220° (decomp ). (Found : N, ro’29. C,,H,,O,;N;SCl'H71 
requires N, 10°19 per cent). 
8-(p-Piperidinoacetylaminobenzenesulphonamido)- | guinoline, obtained 
in theoretical yield, was crystallised from a mixture of benzene and peztro- 
leum ether in colourless plates, m.p. 172-73°. (Found: N, 13°53. 
CaeHaO3N,S requires N, 13°2 per cent). 
8-(p-Diethylaminoacety:aminobenzenesulphonamido)- quinoline, obtained 
in 70% yield, crystallised from a mixture of benzene and petroleum 
ether in colourless plates, n.p. 115-16°. (Found: N, 13°19. C..H2,O0,;N_S 
requires N, 13°59 per cent). 
8-(p-Chloropropionylaminobenzenesulphonamido)-quinoline hydrochb- 
vide crystallised from glacial acetic acid in colourless transpare it 
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prisms, m.p. 228° (decomp.). (Found : N, 10'23. CisH,.OsNsSCIHC] 
requires N, 9°86 per cent). : . : a ets 
8-(p-Piperidin opropionylaminobenzenesulphonamido)-guinoline ‘ ob- 
tained in quantitative yield, crystallised from benzene in colourless plates, 
m.p. 178°. (Found: N, 12°9. C2;H2503N.S requires N, 12°78 per cent). 
8-(p-Diethylaminopropionylaminobenzenesulphonamtdo)- quinoline, ob- 
tained in quantitative yield, érystallised froma mixture of benzene and 
petroleum ether in colourless rectangular prisms, m.p. 95-96°. (Found : 
N, 12°7 CooH2e03N.S requires N, 13°14 percent), 
5-(p-Acetylaminobenzenesulphonamido)-quinoline, obtamed in 60% 
yield, crystallised from alcohol (charcoal) in colourless needles, m.p. 
254° (decomp.). (Bobranski records m.p. 257:58° decomp). (Found: N, 
12°68. Cy7H,,;OsN,8 requires N, 12°32 per cent). The acetyl derivative 
ou hydrolysis gave the amine in a theoretical yield. ‘The amine crystallised 
from dilute alcohol in colourless rods, m.p. 226-28°. (Bobranski records m. p. 
230°). (Found: N, 14°16. CysH,;02N3;S requires N, 14°05 per cent). 
The hydrochloride of the chloroacety] derivative of the amine, obtained 
in theoretical yield, was crystallised from glacial acetic acid in yellow plates, 
m.p. 226°. (Found after drying in high vacuum at 130°: N, 9°89. 
C,7H.0,N;SCl HCl requires N, 10°19 per cent). 
5-(p-Piperidinoacetylaminobenzenesulphonamido)-quinoline crystallised 
from benzene in small plates, m.p. 217-18°. (Found : N,13°09. CozH240,N,8 
requires N, 13°2 per cent). 


‘The compounds were tested for antipneumococcal activity on mice infected 
with type III pneumococci against M.B. 693 as control and very encouraging 
results were obtained in some cases, details of which will be published else- 
where with other authors. 


Universrry CHEMICAL LABORATORIES, 
LAHORE. : Received May 31, 1940’ 
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ON THE CONSTITUTION OF PEDICININ. 


By PraFoLiA Kumar Bose AND PHANIBHUSAN Dorr. 


On the basis of avaflable data, the structure of pedicinin {the pigment of Didyma. 
carpus pedicellaia\, advanced by Sharma and Siddiqui, has been criticised. New fac-s 
concerning its nature have been brought to light and its character as a dibasic acid hes 
been definitely established. Pedicinin undergoes reductive acetylation, and furnishes o1 
catalytic hydrogenation an unstable yellow tetrahydro derivative which easily parts wita 
two hydrogen atoms giving a stable red dihydropedicinin. Like the parent compound t¢ 
forms a disodium salt Evidences, both direct and circumstantial, have been adduced 
in support of a new formula for pedicinin, which is now regarded by the present anthors 
as a chalkone quinone in preference to its earlier representation as 4 :§ :7-trihydroxy-t- 
methoxybenzalcoumaranone. 


Siddiqui (J. Indian Chem. Soc., 1937, 1%, 703) isolated four crystalline 
constituents from the leaves of Didymocarpus pedicellaia (N. O. Gesneracee}. 
The results of a detailed investigation of these compounds have led 
Sharma and Siddiqui (J. Indian Chem. Soc., 1939, 16, 1) to assign th2 
following structures to them. 





OMe OH 
MeO” \—CO-CH:CHPh HO? \—CO-CH:CHPh 
lone olen 
OMe OMe 
Pedicellin (I) : Pedicin (II) 
OH O OH 
MeO?’ \” \CH-CH,Ph HOo7y—co ° 
MeO | | Wes NS) ce 
OMe OH O 
tsoPedicin (III) Pedicinin (IV) 


The claims for the representation of pedicinin as 4:5:7-trihydroxy-6- 
methoxybenzalcoumaranone (IV) are based on the following experimenta 
observations : > 

(i) Benzaldehyde is produced by the action of alkali on pedicinin. 

(ii) Ferric chloride shows a colour reaction which is indicative of three 
unsymmetrical phenolic OH groups in pedicinin. 

(did) Pedicellin (I), the constitution of which has been definitely estab- 
lished as 2:3:4:5:6-pentamethoxythalkone, yields an orange compourd 
m.p. 110°, by loss of three methyl groups on treatment with nitric acid ir 
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glacial acetic ‘acid solution. This substance, called methy!pedicinin and 
represented by the structure (V), suffers further demethylation on short 
treatment with dilute alkali giving pedicinin (IV). 


_ Alkali . H oN 
WU Se 
(OMe), Je CHPh : 


oe ro Ve: -CHPh | 


ce oA 
eas oe (V) Pedicinin (IV) 


‘ —cCH3Br 


O 


i, 
Brg OS 
MeOw | | Sco: CHBr’ CHBr’ Ph 


HH” \Z OMe 
OMe 


(V1) 


t. 


Pedicin (ID) 


(iv) Treatment of pedicin with two atoms of bromine also leads to 
pedicinin, the formation of which is assumed to proceed via the inter mediate 
chalkone dibromide (VI). 

(v) Oxidation of pedicin (II) by potassium permanganate gives benzal- 
dehyde as also pedicinin (IV). 

(vi) Demethylation of pedicellin gives dcspenicelans (VII), which is 
also obtained from pedicin and pedicinin under identical -experimental 
conditions. ° 

(vii) Pedicinin furnishes a monoacetyl derivative and a mono- 
ammonium sait. i. ee ? 


‘~ Wh) any -CH:CHPh setae ore 


Pan a, fay eee 


A close examination of the avaiiable data on the constitiition of pedicinin 
convinced us that the arguments, put forward by Sharma and Siddiqui 
(loc. cit.) to explain the formation and reactions of ‘pediciziin based on the 
structure (IV), are neither convincing nor conciusive. ‘For instance, the 
spontaneous elimination of two bromine atoms, of dibromopedicin .(VI) as 
methy] bromide is an example of somewhat unusual occurrence. Mciccver, 
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it is highly improbable that the doubk bond of pedicin, a chalkone deriva- 
tive, ‘would escape attack by permanganate and oné of the hydrogen atoms 
attached to the unsaturated carbon atom of an ethylenic linkage would be 
involved in oxidation resulting in a coumaranone derivative (IV). It is 
also remarkable that out of the three- phenolic OH groups present in 
pedicinin, only one would lend itself to acetylation and sait formation. The 
formation of despedicellin (VII) from pedicinin (IV) also appears improbable 
though not impossible. We, therefore, thought it desirable to re-investigate 
the constitution of pedicinin. 

Pedicinin was isolated from D. pedicellata and was also prepared fian 
pedicellin by -the method of Sharma and Siddiqui. We substantiate 
Siddiqui’s account of pedicimin as regards its molecular composition, meltiag 
point and other physical properties. Regarding its behaviour towards 
various reagents, we are not im entire agreement with the observations ot 
Siddiqui et al. We have, for instance, observed that pedicinin is solubl2 
in dilute potassium bicarbonate solution at room temperature. Pedicinia 
is, therefore, more acidic than what has been supposed. Siddiqui, moreover, 
reported the development of an ‘ immediate deep reddish brown’ colour on 
treating pedicinin with ferric chloride in alcohol. Much significance hes 
been attached to this test as indicative of three unsymmetrical OH groups 
in positions 4, 5 and 7 of formula (IV). We have not been: able to observe 
any appreciable change of colour using dilute solutions of pedicinin (m 
alcohol) and the reagent. 

The hydroxyl groups, as férmulated in the proposed’ structure for 
pedicinin (1V), are in the ortho-para positions to one another. Consequent.y 
pedicinin should be expected to show strong reducing properties. Contra-y 
to this expectation, pedicinin has been found to be stable ‘towards alkaline 
o-dinitrobenzene (Bose, J. Indian Chem. Soc., Sir P. C. Ray Birthday Vo., 
1033) p. 65), chloropentammine cobalitichloride (Shibata and Hattori, 
Acta Phyiochim., 1930, 5, 117) and Fehling’s solution, all of which are 
known to undergo reduction .forming characteristic colouration or preci- 

' pitates, as the case nay be, in presence of polyhydroxybenzenes having 
ortho-bara OH groups. These observations, taken in conjunction with 
the strong acidic character and deep colour of pedicinin, led us to suspect 
that pedicinin may after all be a quinone derivative and that there may 5e 
some truth in the statement of Price and Robinson (Nature, 1938, 142, 147). 
These authors had ventured the suggestion that the pigments of Didyn-o- 
curpus pedicellata might be related to dunnione, the colouring matter of 
Streptocarpus Dunnti, Mast., in view of the fact that the genus Didymo- 
carpus is ciosely related to Sireplocarpus and the two series of pigmeats 
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occur as deposit on the leaves. The inability of Sharma and Siddiqui ts 
support the idea of the English chemists seems to be justified inasmuch 
as the basic structure of the Didymocarpus pigments was proved to be 
different from that of dunnione. The possibility that pedicinin might be a 
quinone derivative was, howevei, not recognised by Sharma and Siddiqui. 

We carried out some preliminary experiments in order to establish 
or disprove the quinone character of pedicinin and the resuits are given 
below : 


(a) ‘fhe colour of pedicinin disappears to a great extent on heating with 
aqueous sodium bisulphite solution but is restored by the addition of 
excess of alkali. 

{b) An alcoholic solution of pedicinin turns yellow on warming with 
stannous chloride—hydrochloric acid. 

{c) Pedicinin undergoes reductive acetylation with great ease forming 
a colourless acetyl derivative. 

These observations mnply that pedicini: is a quinone, and assuming 
a para-quinone structure, the pigment may be represented by the extended 
formula (VIII) or (IX). 


1 t 
OH -, OH | | CO’CH:CHPh 
OMe WA er OMe , OH 
O O 
(VIII) (TX) | 


To decide between these two alternative expressions, pedicinin has been 
catalytically reduced. It smoothly absorbs four atoms of hydrogen giving 
rise to a yellow product, which rapidly turns red on exposure to atmosphere 
in solution. The réd crystalline compound, isolated, from the solution , 
melts at 134° and absorbs now only two atoms of hydrogen in presence of - 
palladium-charcoal giving the foregoing yellow leuco-compound, which is 
unstable and is quickly converted into the original substance, m.p. 134°, by 
spontaneous aerial oxidation. These observations seem to justify our 
decision in favour of formula (TX), inasmuch as the alternative structure 
(VIN) should be normally expected to furnish a dihydro derivative. The 
yellow product is undoubtedly tetraliydropedicinin having the formula 
(X) which is compatible with its instability ; and the red dehydrogenated 
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product - is a hydronedician which is, apparently the quinone (XI). 
Pedicinin must consequently have one of the alternative structures (XII) or 
(XII).. 








O 
OH, i 
OH(( YcocHs'CHePh ys joxan OH | }CO.CHe’CHePh 
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Of these, compound (XIII) should be expected to behave like a dibasic acic 
(compare 2:5-dihydroxy-1:4-quinone and its derivatives) and form a disodiur 
salt. In fact we have been able to prepare a disodium salt of pedicinin as 
also that of dihydropedicinin, m.p. 134°. e ‘ 

It has further been observed by us that dihydropedicellin, prepared br 
catalytic hydrogenation of pedicellin (I), gives on oxidation with nitric acid 
followed by hydrolysis of the product with alkali, the identical- dihydro- 
pedicinin, m.p. 134°. The action of nitric acid on pedicinin is, therefore, 
a case not only of demethylation but also of oxidation, the chalkone group 
remaining intact. Analogous instances are by no means rare in chemical 
literature. Many alkyl ethers of tri- and tetra-hydroxybenzenes are known 
to undergo conversion into 1:4-quinones by the action of nitric acid. For 
example 1:2:4:5-tetramethoxybenzene is oxidised to 2:5-dimethoxyquinan= 
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by nitric acid (Schiiler, Arch. Pharm., 1907, 245, 281),. which no careful 
hydrolysis by means of alkali furnishes 2:5-dihydroxyquinone having 
pronounced acidic character (Knoevenagel and Buckel, Ber., 1901, 34, 3993). 
The mechanism of formation of pedicinin fiom pedicellin is obviously very 


similar.and may be represented thus : 
e 





O 
i 
Jl 
3 er 
Pedicellin (I) HNO, | | Alkali 
oe. MeO\ /OH —~+> (XIII) 
i ; 
Oo 


Methylpedicinin 
(XV) 
Our results, therefore, go to show that the structure (XTII) may with 


confidence be advanced for pedicinin in preference to the earlier formula (IV), 
~ the inconsistency of which has already been commented upon. 


ExPERIMENTAL. 


Isolation of Pedicinin and Pedicellin.—The method of Sharma and 
Siddiqui was generally foliowed. We found it, however, more expedient to 
separate pedicinin fiom the crude ether extract by washing it with very 
dilute alkali. For this purpose the diluted ether extract was taken ina 
vertical glasseube (75 cm- 1.5 cm.), the tapered lower end of which had 
been closed by means of a piece of rubber tube and screw clip. A thin 
stream of 1% aqueous alkali was allowed to drop into the ethereal solution, 
when it dissolved the acidic constituents including pedicinin during its 
passage through the ether layer. The dark red aqueous solution was 
separated from the neutral ether extract, acidified with hydrochloric acid 
_and kept in a cool place. The precipitate was collected after 
24 hours, and freed from adhering oil by washing with petroleum ether, 
The crude pedicinin was washed with hot ethyl acetate and theu repeatedly 
crystallised from chloroform. 

The neutral ethereal extract was freed from the solvent on the water- 
bath under reduced pressure and kept in a refrigerator for 3to4 days when 
the major part of crude pedicellin crystallised out. This was twice crys- 
tallised from methyl alcohol, distilled in high vacuum (b, ’p. 150-55°/o-05 mm,) 
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and then crystallised repeatedly from’ ether. The transparent piisins cr 
plates, thus obtained, melted at 93° * and did not depress the m.p. of a pure 
specimen of pedicellin, which had the same m.p. 

.. Pedicinin formed carmine red needles, m.p. 203° (Siddiqui records m.r. 
203°). (Found: C, 63: 76; H, 4-3. CisHi20, requires C, 64-00; H, 4-1 
per cent). 

Action of Nitric Acid on Pedicellin: Formation of Methylpedicinin (XV) 
and Pedtcinin.—Methylpedicinin, m.p. 110°, was obtained as the maia 
product by the method of Sharia and Siddiqui when the reaction with nitri 
acid was allowed to proceed for 40 to 50 seconds. If, on the other hand, th2 
duration of the reaction was extended to go seconds, appreciable quantities 
of pedicinin svere formed. Pedicinin was separated from methylpedicinin 
by taking advantage of the greater solubility of the latter in ethyl acetate. 
The. identity of pedicinin, m.p. 202-5°, obtained directly from pedicellir, 
with thé natural product was established in the usual manner. 

Reductive Acetylation of Pedicinin : Formation of Tetraacetyldihydre- 
pedicinin (XIV).—Pedicinin (100 mg.), acetic anhydride (1 c.c.) and zinc 
dust (300 ing.) were heated on the water-bath for 2°5 minutes. The colocr 
of the solution quickly deepened to reddish violet and then faded away to 
pale yellow. The yellow solution was filtered from the zinc dust, whica 
was washed with glacial acetic acid. The combined filtrates were cot- 
centrated under reduced pressure to a small volume and then poured int 
crushed ice. The yellow precipitate was collected and twice recrystallised 
from dilute methyl! alcohol containing a little acetic acid when a colourless 
semi-crystalline product, m.p. 207-8°, was obtained. Attempts to obtain 
the compound in well-defined crystalline condition were fruitless. (Found : 
OMe, 6:62. Co,H22O19 requires OMe, 6-60 per cent). The acetyl compound 
is freely soluble in most organic solvents except petroleum ether. 

Disodium Salt of Pedicinin.—Pedicinin (140 mg.) was dissolved in.a 
small quantity of aqueous alcoholic sodium hydroxide by warming. ‘To 
the dark red solution about 4 c.c. of 10% alcoholic sedium hydroxide (free 
from carbonate) were added. The solution was then diluted with absolu-e 
alcohol till a slight turbidity appeared and allowed to stand at room tempera- 
ture. A gelatinous precipitate soon appeared which changed into a brick-red 
granular mass on keeping overnight. This was collected and washed with 
absolute alcohol and ether ; yield 130 mg. (Found: Na, 12-88. C,.H .O,Na, 
requires Na, 13-37 percent). ‘he salt readily dissolves in cold wat-r 


* Them p.’s recorded in this paper are uncorrected. Siddiqui reports m.p. 98" br 
pedicellin. 
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forming a ied solution from which tie origina} substance can be obtained by 
acidification with mineral acids. d \ . 

Catalytic Reduction of Pedicinin : Formation of Tetra- and. Di-hydropedi- 
cinin (X and XI).—Pedicinin (321 mg.), dissolved in- alcohol (so c.c.), 
was reduced by means of hydrogen in presence of palladium-charcoal 
(o-2 g. of 8%), which had been previously saturated with hydrogen. The 
absorption of hydrogen was very rapid. After 52 c.c. (calc. 53 c.c.) at 30° 
and 760 mm. ‘bad been taken up in course of 20 minutes, absorption practi- 
cally stopped. The yellow solution was freed from the catalyst. During 
filtration the colour of the solution rapidly changed to deep red apparently 
due to aerial oxidation. The solution was concentrated under reduced 
pressure and cooled when dark rectangular plates were obtained. Purified 
by recrystallisation from dilute methyl alcohol it had m.p. 134° not raised 
by further crystallisations. (Found: C, 63-26; H, 5:0; OMe. 10,32. 
Cy6H1,0, requires C, 63° 57; H, 4:63 5 ; OMe, To" -26 per cent). Vieid almost 
quantitative. : 

Catalytic Reduction of Dihydropedicinin.—An alcoholic solution of the 
above compound {170 mg.) absorbed 14 c¢.c. of hydrogen (calc. 13-8 c.c., 
2 atoms of H per molecule) at 27° and 760 mm. in presence of- palladium- 
charcoal (o'r g. of 8%). The red solution turned yellow after réduction. 
and again became deep red on exposure to air as in the foregoing case. 
From the red solution dihydropedicinin (m.p. and undepressed mixed m.p. 
134°) was isolated. 

- Dihydropedicellin. —Pedicellin (696 mg.) was iyandeeasied ane 
palladium-charcoal (0-2 g. of 8%) in alcohol medium. Nearly the theoretical 
quantity of hydrogen was taken up in course of 25 minutes. The oily 
residue, left after the removal of the catalyst and the solvent, was distilled 
at 135-45°/o-r mm., when a colourless viscous oil was obtained. It could 
not be crystallised. Yield almost-quantitative. ' 

Oxidation of Dihydropedicellin to Dihydropedicinin (X1).—Dihydrope- 
dicellin (638 mg.}. djssolved in glacial acetic acid (2 c.c.), was treated with 
nitric acid (d 1-4, 0-3.¢c.c.) drop by drop. The red coloured solution was 
shaken thoroughly and the reaction was allowed to proceed for 90 seconds 
Ice-cold water was then poured into the reaction mixture and it was extract- 
ed with ether. The ether extract was washed with water till free from acid, 
dried over sodium sulphate and the ether removed. The orange-red, semi- 
solid residue was warmed with dilute alkali -(15 cc. of 5%) on the 
water-bath till a clear solution was obtained. The red alkaline solution was 
immediately cooled and acidified with hydrochloric acid. The red precipitate 
was collected, washed with water, dried and {wice crystallised from dilute 
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methyl alcohol as dark red ghining plates, It melted at 134° and was founc 
to be identical with dihydropedicinjy, previously described, by direc: 
comparison and by mixed m.p. method; yield 60% calculated on the 
amount of pedicellin taken. 

The disodium salt of dihydropedicinin was -prepared by the method 

already described under the corresponding salt of pedicinin. In this case, 
howeyer, no gel formation was noticed Vield 300 mg. from 344 mg. o2 
dihydropedicinin. ‘The sodium salt yformed orange-red feathery, glistening 
crystals-having no m.p. below 300°. (Found: Na, 12°67. C,.Hi20.Na 
requires Na, 13-3 per cent). 
"All the specimens were dried at Io0-10° in vacuum over P.O, befor2 
analyses, most ‘of which were carried out by Mr. N. Ghosh, M.Sc. We 
offer our sincere thanks to Mr. Ghosh, as also to Dr. S. Siddiqui for the kind 
gift of a pure specimen of pedicellin. 
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VISCOSITY OF THORIUM ARSENATE GELS 
DURING SETTING 


By Mara PRasab AND B. G SHEJWALKAR. 
e 

‘The viscosities of thorium arsenate gel-forming mixtures have been measured 
during setting, using different amounts of the constituents of the gel-forming 
mixtures, and adding of extra amounts of electrolytes and non-electrolytes at differeint 
temperatures The viscosity-time curves are either rapidly rising ones or are S-shaped. 
The viscosity at a certain time decreases with (i) an increase of thorium ions in the gel- 
forming mixture, (i) the addition of non-electroivtes, and (éii) the increase of temper- 
ature But it increases with increase in the amount of arsenic acid and with the addition 
of estra amounts of electrolytes, 


Viscosity changes in a number of gels during the process of setting 
have been studied in this laboratory (Prasad and Modak, Proc. Indian Acad. 
Sci., 1940, 11A, 282). In the present investigation the viscosity of thorium 
arsenate gels has been measured at different temperatures using different 
amounts of the constituents of the gel-forming mixtures in presence 
and absence of extra amounts of electrolytes and non-elecirolytes. 

Gels of thorium arsenate were piepared for the first time by Prakash 
and Dhar (J. Indian Chem. Soc., 1929, 6, 587) in an opaque or translucent 
state from solutions of potassium arsenate and thorium nitrate. - Prasad and 
Desai (J. Univ. Bombay, 1938, 7, 111, 132) found that transparent gels of 
thorium arsenate are obtained if a solution of arsenic acid is used instead 
of that of potassium arsenate. 


EXPERIMENTAL. 


The apparatus (constant=o’oo2r) used was the same as employed by 
Prasad and Modak (loc. cit.) and the experimental procedure was also the 
same, 

Solutions Used.—Thorium nitrate {6 g.) was dissolved in redistilled 
water and the solution made upto roo c.c., thoria content,of which was 
found to be 2°82%. 

Merck’s extra pure pyro-arsenic acid (10 g.) was dissolved in roo c.c. 
of the solution, AsgO3 content of which was found to be 7. 44%. 

- Different volumes of the solutions of the two substances along with 
the addition agents were made to 5 c.c. each, so that after mixing, the 
total volume of the mixture was always 10 c.c. 
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The results obtained are shown *$raphically in the following figures 
in which the viscosity of the gel-forming mixtures, expressed in poise 
(absolute units) are plotted against different intervals of time, expressed. 
in minutes, at which after the gel-formation has commenced, the viscosity 
readings were taken. , 

Fig. r gives the effect of the addition of different amounts of thorium 
nitrate (Q) to°6’o51 c.c. of the arsenic acid solution at 35°. 

Fig. 2 gives the effect of the addition of different amounts of arsenic. 
acid (X) to 5°o c.c. of thorium nitrate solution at 35°. 

Fig. 3 gives the effect of temperature on the mixture containing 5'c 
c.c. of thorium nitrate solution and 0’55 c.c. of the arsenic acid solution. 


Fic. 1. 


Effect of thorium ions, 
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Fig. 4 gives the viscosity-time curves at 35° of gels prepared fiom 
different volumes of potassium arsenate solution (12 g. per roo c.c.) and 3 
c.c. of the thorium nitrate solution. On mixing the aboye-named cons 
tituents a precipitate was first formed and it slowly disappeared. The geb 
formed were turbid. The precipitate reappeared after some time when th2 
readings had to be stopped. 


DISCUSSION. 


It appears that the general nature of most of the curves shown 
in Figures 1-4 is essentially the same. All of them at first rise slowly, thea 
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rapidly and in the end most of them tend to run parallel to the axis of 
viscosity and the others tend to become S-shaped. The absence of any 
discontuiuity in the curves ‘indicates that the various stages involved in the 
process of the formation of gels do not show their distinct. existence. 
Evidently these stages run simultaneously and lend an aspect of continuity 
to the whole process of gelation. ‘These conclusions are in conformity with 
those made by previous workers (Prasad, Modak, Mehta and Desai, J. Phys. 
Chem., 1932, 86, 1384, 1938; | Mehta, Parmar and Prasad, loc..cit.). On, 
plotting log (7-4) against log t, where 7 is the viscusity at time t and 19, 
the viscosity extrapolated from the curves for t equal to zeIO, the curyes | 
obtained are not straight lines, but when values of log (1-19) are plotted 
against L straight lines are, obtained. ‘This shows that, the viscosity of 
thoriim arsenate gel- forniing mixtures changes with time in the same 
manner as found by Mardies (Trans. Faraday Soc., 1923, 18, 327) in the 
case of gels of methylcellulose in benzy] alcohol. 
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The rate of change of viscosity with time is greatly altered by a change 

in the amount of the constituents of the. gel-forming mixtures With an 
increasé -in the amount of -thoriuni nitrate in the-gel-forming mixture, the 
rate of. increase of viscosity decreases considerably (cf. Fig. 1). The curves 
for 0-318 g. and 0;33 g. are rapidly rising ones‘and they become definitely 
S-shaped when the amount of thorium nitrate is incteased to 0-36 g., 0°30 &.; 
and o-42 g. indicating the autocatalytic process in gelation. ‘The ‘las- 
curve (0-42 g.) is a flat: ‘‘S’’. showing only small increase in viscosity. 
with time. The retardation of the gelation process as indicated by ‘the 
curves given in Fig. 1 can be attributed -té the’ peptising. action of-the 
thorium ions whereby the density of charge on the micelles and: their dégrec 
'-of dispersity ‘are incréased. - Assuming that.the-viscosity of the gel-forming 
mixtures fs°a function’ ofthe: size of the : micelles “and: their .degree- d= 
hydration, the décrease.in viscosity: at any given interval ‘of tite with 
‘increase of thorium nitraté in.the mixtures, shows. that a high density 02. 
charge is associdted with low degreé of hydration. Previous workers have 

also come to-the same conclusion tegarding the effect of the metalions..  « 


_ Fic. 3. | 
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Effect of the. addition of increasing amounts of arsenic acid (Fig. 2) 
is to accelerate the rate of increase of viscosity of the gel-forming ‘mixtures 
with time. Since increasing amounts of arsenic acid aie added to the 
same amount of thorium nitrate, it is reasonable to expect that the amount 
of thorium aisenate formed in the gel-forming mixture js increased thereby. 
Such an increase may cause an increase either in the number of the micelles 
or theit size .or both... It also effects a decrease in the concentration of 
the peptising ions avhich, in turn, causes a decrease in the density of charge 
and an,increasc in the degree of hydration of the micelles. The latter 
effect suggests that the addition of increasing amounts of arsenic acid 
causes preferably an increase in the size of the micelles. 

Addition of extra amaunts of solutions of KCl and BaCl, increases 
the rate of increase of viscosity with time (curves not shown). These - results 
aré expected normally because such an addition would accelerate the rate 
of coagulation of the micelles or probably the micelles formed in the presence 
of extra amounts of electrolytes would not have a large density of chargé. 
A comparison of the effect produced by adding the same volume of solutions 
of KCI and BaCi, of the same normality gives the expected result that 
BaCl, effects greater increase in viscosity than KCI. 

Addition of alcohols and glycerine decreases the rate of increase of 
viscosity with time and this effect is enhanced as the amount of non-electro- 
lyte added to the mixture is increased. It is very marked in the case of 
glycerine which practically completely retards large changes in viscosity. 
This behaviour of non-electrolytes is similar to that observed by previous 
workers. The observed retarding effect may be due to an increase in the 
density of charge on the micelles either on account of the diminution of 
the dielectric ‘constant of the medium or on account of the preferential 
adsorption of the peptising agent by the micelles in presence of the non- 
electrolytes. However, it is aiso possible that the rate of coagulation of 
the sol of the gel-forming substance is decreased on account of an increase 
in viscosity on theeaddition of non-electrolytes. The last mentioned effect 
seems to be important as it has been observed that the various curves (not 
shown) are coincident in the early stages. 

The rise in temperature causes a decrease in the rate of increase of 
viscosity during gel-formation. This effect is considerable, as evident from 
Fig. 3 which shows that the rapidly rising curve at 35° becomes almost flat 
by a rise in temperature by 3°. Prasad and Desai (J. Indian Chem. 
Soc., 1939, 46, 3) and Prakash (ibid., 1932, 9,193) also observed a decrease 
in the time of setting of thorium arsenate gels with rise in temperature, 
This effect of temperature is peculiar to the gels of thorium arsenate as in 
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all other inorganic gels it has been found that the time of setting increases 
on increasing the temperature. Attempts are befng made to find an 
explanation for this peculiarity. 


The gels prepared from thorium nitrate and potassium arsenate are 
very different in char»cter from those obtained by the use of arsenic acid. 
The former are. invariably turbid but their turbidity decreases as larger 
amounis of thorium nitrate are used. ‘This observation again points to 
the great peptising action of thorium ions. The visccsity-time curves 
obtained with smaller quantities of potassium arsenate show very smal{ 
changes in viscosity. When the quantity of potassium arsenate js jncreased 
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these curves first become S-shaped and. then rapidly rising ones. ‘These 

re:ults are in accord with the discussion given above. 


CONCLUSION. 


The results given above show that the viscosity «enethcd can be em- 
ployed to study the process of gelation and comparable results can be 
oltained to show the changes which occur in the process when the 
condition of the fcrmation of gels, such as the concentraticn of the 
constituents of gel-forming mixtures, the temperatme, the presence of 
non-elect.olytes, electrolytes and others, are altered. The formaticn of 
thorium arscnate gels under various circumstances given above is shown 
by this method to be a continuous process and no indications have been 
obtained to bear out the suggestion of any separate existence of different 
stages involved in the process of gelation. 


CHFMICAL LABORATORIFS, Reccived May 23, 1940. 
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MAGNETIC EVIDENCE REGARDING THE STATE OF 
METALLIC IONS IN PHOSPHATE GLASSES. 


By S. S. Baatnacar, B. D. KHosLaA AND Ram CHAND. 


The nature of the polyvalent ions in phosphate glasses, especially Mn, Co and Ni hes 
been investigated. The manganese in the reduced colourless glasses is in a bivalent 
state of combination The pink-viclet colour of manganese glusses is due to trivalent 
manganese ions. Ccbalt ions do not suffer any change on reduction. The blue ccloar 
of coblat glasses and the yellow colour of nickel glasses are attributed to bivalent cobelt 
and nickel respectively and when the Jatter are reduced, the glass kecomes opaque duc -o 
the formation of metallic nickel 


There has been much speculation as regards the agents responsible for 
the colours of various precious stones and minerals. Manganese has lorg 
been supposed to be the source of the colour of the amethyst (Berthelct, 

” Compt. rend., 1G06, 148, 477), although the latest evidence attributes the 
colour to iron rather than to manganese. Accoidiug to Sir Herkert Jackson 
(Nature, 1927, 120, 303) none of these views is conclusive. Mellor (A. 
Comprehensive Treatise on Inorganic and Theoretical Chemistry’’, 1935, VI, 
523) states that manganese colours alkaline glasses pink to violet under 
oxidising conditions. According to Thorpe (‘Dictionary of Applid 
Chemistry’’, 1912, IJ, 721) the fuil colour is only developed when manganese. 
is in a fully oxidised condition (Mn). In-Fuwa’s opinion (J. Japan 
Ceramic Assoc., 1923, 866, So) the manganic oxide is responsible for the piak 
colour and bivalent manganese for the decolotised glass. 

Notable contiibutions on the subject have been made by Bancroft aad 
Nugent (J. Phys Chem., 1929. 83, 481), Solomin (Keram. i, Stekio, 1932, 8, 
iii, 28), Childs and co-workers (J. Soc. Glass Tech., 1931. 15, 172), Turner 
and Weyl (ibid., 1935, 19, 208), Hoffmann (Glass, 1926, 18, 419, 423, 
433) and others. Bancroft, while studying manganese-borax beads 
from the point of view of their oxygen availability, has concluced 
that the pink-violct colour is due to trivalent manganese present protadly 
in the form of free manganic oxide, and that the manganese in the colo.r- 
less reduced glass is bivalent and is in combination as manganous borete, 
An attempt has been made by us to clarify the issues by the aid of magnetic 
susceptibility measurements, since the magnetic susceptibilities of ions of an 
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element in different states of valency can be calculated on the well known 
Stoner and Van Vleck formula, ° : 


TQ2 


: “eT [4S(S+2)+L(L+31)] 





where values of S and L are determined by the vdlency state of the 
element. A preliminary note on the subject has been published by one of 
us (Bhatnagar, Nature, 1939, 148, 599) and it has been shown that 
manganese in the decolorised borax and phosphate glasses is bivalent and 
that in the coloured one is a mixture of bi- and trivalent states. ‘The nature 
of the colorant ions in phosphate glasses, especially manganese, which 
could not be established, has been thoroughly investigated and a study of 
nickel and cobalt glasses has also been included in the present investigation. 


ExPERIMENTAL. 


The melts were made from pure crystallised microcosmic salt in an 
electric furnace which could be made mufile or open to the atmosphere at 
will. MnO, made by heating analytically pure Mu(NOs). was used. The 
"melts were reduced with ashless tartaric acid to colourless state in the 
closed muffle. Other ions in turn were also introduced in the biank glass 
as pure oxides. Platinum dishes were used to avoid entry of all possible 
impurities. ‘The colour conditions of the melts could be determined at any 
moment by taking out a bead ona platinum wire. The melts prepared 
were cooled ina desiccator and finely powdered in an agate pestle and mortar 
before the susceptibility measurements were made on a magnetic balance 
of the Guoy type. 


Analysis of Glasses. - 


M anganese.—In order to determine accurately the amount of manganese 
in the various melts, a slight modification had to be made in the bismuthate 
method reported by Park (nd. Eng. Chem., 1926, 18, 507). It was found 
that the presence of phosphates from the glasses hindered the estimation 
of manganese and therefore the phosphates were removed by treating the 
aqueous solution of the glass with 128% NaOH and 30% H.Oz2 followed 
by boiling when manganese was precipitated as an impure hydrated 
oxide free of the phosphate and could be filtered off on a sintéred glass filter. 
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The precipitate thus obtained was dissolved in acidified FeSO,, excess of 
which was converted to ferric sulpHate with HO, whose excess, in turz 
was destroyed by boiling. Solution thus prepared was treated with sodium 
bismuthate and the manganese estimated from the 1esulting permanganate. 

Cobalt.—The presence of phosphates was found to interfere in the 
estimation of cobalt as well by the a-nitroso-8-naphthol methcd and they 
had to be removed by first oxidising cobalt to cobaitic oxide with 30% 
HeOz in presence of 124% NaOH. This could then be dissolved ir 
hydrochloric acid and estimated. 


Nickel.—-Nickel was estimated by the dimethylgiyoxime method whick 
worked successfully even in the presence of the phosphates. 

Several melts of the blank glass were prepared under different condi- 
tions of length and nature of heating and cooling and their susceptibilities 
were checked against those of KCI and NaCl, values of which are definitelr 
known. The susceptibility values of the various blank glass melts were all 
within experimental error (—0'389 to ~o’391 x 107°), The average valu2 
—0°390 x 1078 was taken for calculating the ionic susceptibilities given 
in the following tables. 


Taste I.- 


Reduced colourless manganese glasses. (30°) 


No. Mn. - " XGlase. XMn (ionic). 
1. 1°265% 2°916 x 10-° 261'0 x ot" 
2. 2°I50 5/213 260°2 
2°413 2°925 261 0 Mean 260.> 
Tasre II. 


Coloured manganese glasses. (25°). 


No. Mn. XGlase- XMn (ionic). No, Mn. XGlass. XMu (onic! 
1. 140% 37144 * 107° 252°rox107° 4. 2°36% 5 5033x107" 253°1 x 107" 
2. ro9 4°580 249°3 & 2°61 6 236 253'5 
3 2°10 4870 250°° 6. 3 63 8.824 253°4 


, 7 3°90 9°390 250°3 


uo 
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Taste lf. 


Cobalt glasses (without reduction, 30°}. 


No. Co. Xglass- X cofionie). No. Co. Xglass. X colicnir). 

I. 1'231% %I7Iox107* 170'2x 107° 3. 2°33 3°572x10°° 1696x107° 
i e 

2 2271 = 3°474 169°7 4. 3305225 169°7 

Tazie IV. 
Cobalt glasses (reduced, 20°). Nickel glasses (withoul reduction, 20°). 
\ 

No. Co. Xglass. X cofionic). No. Ni. Xglass - X cofionic)- 

z; 1°325% 1°866x310°" 16¢'9x 107° Xi: 1 148% 0°536x107° 8&0 20x10 4 

2 201d =~ -3'034 170°L 2, 2689 =." 778 80°21 

3. 2°428 = -3°730 169°5 3. «= 3°316 2276 80 00 

TABLE V. 
Calc. values of ionic susceptibilities on Stoner-van Vieck formula x z0° 
Mn*t+ Mntt+ oo: Cot+ Nitte 
Temp. Mn-+ L-not cper- L-operative. L-operative. L-not oper- L-not cper- L-rper 
ative. ative. ative. ative 
30° 260°6 : 
25° 26573 181'9 227°3 
~ 20° - _ 107°7 193°8 57°72 144°3 
. DiscUSSION. 


Manganese Glasses. 


Calculating the ionic susceptibilities of manganese from the Stoner-Van 
Vieck formula for * bivalent manganese, which is in the °S_ state, 
the orbital moment L equals zero, the spin moment S has a value 5/2, and 
the ionic susceptibility at 30° works out at 260°6X107°, This value is in 
close agreement with mean value of 260°7 x 107° obtained experimentally 
in Table I The decolorised glass when viewed in the ultravoiet light 
from a mercury vapour lamp with a Wood’s filter, showed an orarge-red 
fluorescence, identical with that of the anhydrous manganous halides. 
These obsei vations prove that manganese in the colourless glass is in bivalent 
state of combination. 
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As regards the coloured manganese. glasses it has been believed by 
most workers that it is the trivalent manganese which is responsible fcr 
the pink-violet colour. The trivalent manganese is in 5Do state. Spia 
moment L alsois2. It has been noted by Sommerfeld (‘‘Atombaw’’, 4th 
Ed p. 639), Bose (Z. Physik, 1927, 48, 864), Stoner (Phil. Mag., 1929, 8, 25c) 
and others that for iens of the iron gioup, the L-moment is fully quenched 
and its value is zero. Calculating on this basis we find that the ion 
susceptibility for trivalent manganese works out to 18r‘9xX10 © at 25°. 
If the orbital moment were not quenched, the other limiting value fer 
fully operative L-orbital moment is 227°3x107®. As shown in Table H 
the experimental values range between those of the bivalent (265°3 x 1078 
at 25°) and trivalent states. ‘This gives one good 1eason to believe thet 
it is a mixture of the bi- and trivalent manganese compounds which is 
responsible for the various shades of colour. 

To find out how much exactly of each state is present, available oxygen 
in the first five samp!es of Tab'e II was found out. For this purpose a 
a certain weight of the glass (2’5 to 3°0 g.) was covered in an Erlenmeyar 
flask with a known excess of standard ferrous ammonium su!phate solutioa, 
and left to dissolve gradually. When the glass completely disappeared 
the quantity of the reducing agent consumed was found out and the 
available oxygen calculated from it. To avoid errors of oxidation by 
the atmosphere a blank was always titrated alongside and use of heat 
for quickening the solution of glass was avoided. 


Taste VI. 
No. Manganic ions tonic (calec.) 

in total Mn. L-operative. L-quenched. MZiontc fobs). 
I 14°5% 259°5 x 1078 253°2 252°1 x 107° 
2. 15°2 259°2 252°5 249°3 
3. 13°x 259°9 2542 250'0 
4. 12°6 260°2 254°5 : 253°I 
5. 12-7 260°1 254°4 253°5 


As is clear from Table VI, the observed values of susceptibility of 
the manganese ions are in fairly good agreement with the calculated ones 
fora mixture of manganous and manganic ions, L-orbital moment being 
fully quenched for the manganic ious, Since we have found that the 
bivalent manganese gives colourless glass, it must be the trivalent icus 
which are responsible for the pink-vioi¢t colour, 
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Cobalt Glasses, 7 


It isa well known fact that when cobalt-borax or microcosmic beads 
are exposed to the reducing flaine there is no change in colour, The 
susceptibility values given in Tables III and IV for the g’ass, made in free 
excess of air and one reduced with tartaric acid; are practically identical. 
This confirms that there is no change in the nature of cobalt ions. 
Furthermore these susceptibilities are intermediate between the two limiting 
values calculated for the bivalent cobalt ions shown in Tabie VI, which 
must be responsible for the blue colour of the cobalt glasses, 


Nickel Glasses. 


Nickel was found to colour the phosphate glasses yellow. ‘The ionic 
susceptibiiuties found for nickel ions as given in Table 1V are between the 
lumits calculated for the bivalent nickel with L-moment operative and 
quenched. This indicates that the yel’ow colour is due to the bivalent 
nickel ions. When nickel glasses were reduced with tartaric acid, they 
yiclded an opaque mass which was ferro-magnetic in nature and indicated 
presence of metallic nickel.* 7 


* These values observed by us for bivalent cobalt and nickel ions in the phosphate 


glasses are in line with those obtained by Bhatnagar, Khana and Nevgi (Phil. Mag , 
1938, 8, 250) for certain other salts of cobalt and nickel. 


Untversity CHFMICAL LABORATORIES, Received May 14, 1940. 
THE Punjas UNIVERSITY, LAHORE. 


NITROGEN FIXATION AND TOTAL BACTERIAL COUNT 
ON THE APPLICATION OF ENERGY MATERIALS 
+ TO ALKALI SOILS. 


By N. R. Dear snp E. V. SESHACHARYULU. 


Nitrogen fixation in alkali soils on the addition of energy materials like carbo- 
hydrates has been studied As in the case of norma! soils, nitrogen fixation takes place ir 
the alkali soils and it is always greater in the soils exposed to sunlight than in those 
kept covered although the total bacterial numbers are smaller in the former than in the 
Jatter. The nitrogen fixed per g. of carbon oxidised is greater in the soils exposed tc 
light than in the covered ones and the order of fixation is more or less the same as that 
obtained with normal soils. 


There ate vast tracts of alkali soils in different parts of India. It is 
estimated that the total area of alkali iand (Usar) in the United Province 
alone is over five millions of acres. The chief defects of such a soil have 
already been reported in an earlier communication (Dhar, J. Indian Chem. 
Soc. Ind. & News Ed., 1939, 2, 105). The foliowing results show the differ- 
ence between a normal soil and an alkaii soil. 


Tas I. 
‘Total nitrogen. ‘Total carbon. px. Total bacteria in. 
millions per g. 
of dry soil. 

Alkali soil collected from . 

Bani near Allahabad 00336 % 02301 % 10°5 ora 
Normal soil i : 

Allahabad 00516 0°5304 78 13°3 


The object of this investigation is to ascertain whether nitrogen fixation 
takes place in the alkali soils, asin the case of normal “soils, when treated 
with carbohydrates. The experiments were carried on with soil collected 
from Bani (near Allahabad). The carbohydrates used were chemically pure 
canesugar, glucose and fructose. 


ExPHRIMENTAL. 


The alkali soil (1 kg.) was mixed thoroughly with each of the above- 
mentioned energy materials (29 g.} and 250 c.c. of water in enamelled basins 
(diameter 26 cm.). ‘The experiments were carried out in duplicate. Control 
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experiments were also performed with alkali soils without the addition of 
carbohydrates. One set of basins was exposed to sunlight daily for eight 
hours and the other corresponding set, covered loosely with a double Jayer. of 
thick black cloth to exclude light, was also kept side by side along with the 
exposed basins to eliminate the temperature effect. Water (x60 ¢.c.) was 
added twice a day to the exposed soils and once to the soils covered to main- 
tain a uniform moisture-content. Before commencement of the experiments 
estimations of total nitrogen, total carbon and total bacterial numbers of the 
original soil were made. At regular intervals the total nitrogen, total carbon 
and total bacterial numbers of the exposed and covered soils were determined 
simultaneously. The following results are the mean of the duplicate 
experiments. 


: Tee Seat ake 


1 Kg. of soil + 20 g. of canesugar. 


Date. Total N. YotalC. Total bacteria.* TotalN. Total C. Total bacteria*. 
Exposed Covered. 

21 29-12-1937. aes - ° 2, 
Original soil 0°0336% —-.0°2307% 0-12% 0-0336% 0°2301% 0°12 
Immediately 
after mixing 0'0336 1-0612 — 0°3336 =: -0506 — 

" y7-1-38 0'036 0-01612 &2 0 0348 0°9403 T0°3 
8-2-38 > 0-038 0-7066 22°4 0°0364 —-0°7804 39°5 
8-32-38 0-039 6+5318 10°7 0°0364 00-6427 284 
44-38 0-0396 0-432 gt 0°0364 0 5135 25°6 

e ws 
TasiE III. 


1 Kg. of soil+ 20 g. of glucose. 


Date. TotaPN. TotalC. Total bacteria.* TotalN. Total C Total bacieria.* 
: Exposed. : Covered. 
29-12-37 
Original soll 0°0336% 0-2301% OZ 0:0336% 0-2301% orr2 
Immediately : : ; aad 
after mixing 070036 = T0214 — 0:0336 = 1"0286 _ 
aq-1-38 ~ 0°036 _0°8579 62 | _ 010348 0°8926 “9x 
10-2-38 0°0376 ~=—-0°6849 23°6 00356 =—-0"7529 36-8 
JO-3-38 _ 0039 O-5411 12-0 00356 = o-B0gr 2785 
” 6-42-38 00399 0-419 89 070366 = 0-601 28-8 


* (millions/g of dry soil). 
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Similar results were obtaine@ with fructose. In the control soils withou- 


the addition of carbohydrates, there w#é a slight fall of nitrogen, carbon anc. 
bacterial numbers. 


The following table shows the amount of nitrogen fixed per gram o: 
carbon oxidised both in alkali and normal soils. 


TABLE IV. 
Alkali soil Normal soil 
. Exposed. Covered. Exposed. Covered 
Canesugar 9°5 5-1 ‘imal gus 
Glucose 99 5:2 12-5 6:5 
Fructose II*3 56 II'9 68 
CHEMICAL LABORATORY, 
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A NOTE ON THE REACTIONS AND-EXCHANGE OF 
ACTIVE IODINE IN INORGANIC SYSTEM. 


By SHYAMADAS CHATTERJEE AND PRIVADARANJAN RAy, 


Experiments with natural radio-elements have established compiete 
exchange of activity between atoms existing in the same valence type in 
the compounds and: no exchange between atoms in‘the ionic and co-valent 
state. But with artificially produced active elements quite different results 
have been reported. Exchange of active iodine between sodium iodide 
and methyl iodide or iodoform in alcohol or acetone has been observed by 
McKay (Nature, 1937, 189, 283), it being immaterial which component of 
the system was active originally. Similar results have been obtained by 
other workers as well (Juliusburger, Topley and Weiss, J. Chem. Phys., 
1935, 8, 4373 Hull, Shiflett and Lind, J. Amer. Chem. Soc., 1936,58, 535, 
1822). In the pure inorganic system it has, however, been found in the 
case of co-ordination compounds that no exchange occurs between the co- 
’ ordinatively bound chlorine within the complex zone and the ionic chlorine 
outside (Ettle and Johnson, J. Chem. Soc. 1939, 1490). It was, therefore, 
considered interesting to examine such exchange reactions between 
co-valently and co-ordinatively bound atoms within one and the same com- 
piex zone, in other words, to explore any possible difference between the 
primary and auxiliary valencies of a centralatom. Artificially produced 
radio-elements can alone serve as indicators for this purpose. 


With radioactive jodine as an indicator we have examined qualitatively 
the exchange reactions between mercuric 1odide and ammonium iodide ; 
the iodine of the latter compound was rendered active by previous irradia- 
tion of its solution with slow neutrons. The resulting complex (NH,),- 
Bgl, was subsequemtly decomposed into its components by dilution with 
a large quantity of water. The precipitated mercuric iodide was found 
to be active when examined in a Geiger-Muller counter. Similar results 
were obtained with bismuth and lead iodide which form complex (NH,) Bil, 
and (NH,).PbI, respectively. 


#NH,I* + Mel,-.—>(NH,).Mel,* >2NH,I* + Mel*,~,. 
where Me= Hg, Bi, or Ph; I* represents active iodine atom. 


Similar results have also been reported by Polesitzki (Compt. rend. 


, ‘ . 4 
NOTE ON THE REACTIONS AND EXGHANGE, BTC. 52 


Acad. Sct. U.R.S.S., 1939 3%, 540),,in the case of KI and Hel, ; the 
complex K.Hel, was decomposed by silver nitrate into AgI and Hgl,. 


The results show that there is no essential difference between the normal 
co-valency and the co-ordinate co-valency. 


Our best thank's are due to Prof. D. M. Bose, Director of the Bose 


Institute for his kind interest and for the facilities of neutron irradition and 
radioactive measurements in his Institute. 
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Ja NOTE ON THE SCURRENEE: OF FREE FATTY” 
*ACIDSIN THE CAKE-OF PONGA MIA GDA BRA. 


> ae pou Be ng BF, 
: By N. V. SuBBA Rao A AND wa “VRERABEADRA Rao. 
Loar ie iter Coot fae Jol on ah oe Sag ead a 


. She seedl,cakerof Poagamia, glabra thas ;beennxecqmmended, by,,.Desqi 
Suaborough and Watson (J. Indian dnste,Sciz,i1923+,8,193),a8, 8.2094. manure 
owing toits high nitrogen content. Later Srinivasan and Subrabmanyan 
(ibid., 1934, 17, 49) isolated a protein from the seed: ‘cake using sodiuin 
carbonate'solution:as.isolvent. They have found use. ‘for * Sis: protein in 
the preparation of water paints. Apart from oie no systematic sttidy of 


the seed-cake seems to have been made. 


‘The seed-cake, obtained by pressing out the oil from the seeds in a 
country press, was extracted with petroleum ether and the extract on con- 
centration yielded a colourless waxy substance (0'7%). On close examina- 
nation it was found to be a mixture and one of the components could 
be easily separated on account of its sparing solubility in hot petroleum 
ether. ‘This product could be identified as karanjin from its well known 
properties. The petroleum ether-soluble fraction yielded a waxy substance, 
which. tmeited at 73°5-75°. The acid number and saponification value 
{162'0 and 162°4 respectively) of the substance agreed very closely, thereby 
showing that it consists mostly of fatty acids. The iodine number of the 
product was very low indicating that the acids were highly  satura- 
ted. On saponification and extiacticn of the diy soap with petrol very 
little non-saponifiable matter was obtained and the mixed fatty acids 
liberated frofa the soap exhibited the same properties as the original 
substance. It is interesting to note that the seed-cake of Pongamia glabia 
yields almost completely saturated fatty acids having a mean molecular 
weight of 345'5. 


The fatty acids. obtained have been smail in amount and, therefore, 
a regular separation of the components by the fractionation method 
could not be effected. The melting point, saponification equivalent and 
iodine number indicate the acids to belong to saturated higher fatty acids 
above stearic in the series. The mixture of fatty acids is readily soluble 
in ether at the laboratory temperature and at 16° o'5 g. of it dissolves 
in 30 c.c. of ether (behenic acid has very low solubility—o.19 g. in 100 c.c. 
of ether at 16°, whereas arachidic and lignoceric acids are readily soluble 
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in ether). Attempts made to effect the separation of the acids either by 
fractional crystallisation or through their salts were not successful. From 
the available data, the mixture appears to consist primarily of arachidic 
and lignoceric acids. In view of the fact that arachidic, behenic and 
lignoceric acids have been reported to be present in the oil (Manjunath 
and Rao, J. Indian Chem. Soc., 1938,, 15, 653) the mixture may contain 
behenic acid also but this must be only in a very small amount. 


The isolation of these fatty acids from the seed-cake offers an explana- 
tion of the results obtained by previous workers on the expelled oil (Desai 
et al, loc. cit.) and solvent-extracted oil (Grimme, Chem. Rev., 1910, 17, 
233). The results are tabulated below. 

Properties of mixed fatty acids 


Acid Sap. Titre Neuf. I. V. Mean 
value, value. I V. test. M.p. value MW. 
Explled oil 64 57 &8&Q 29°5 ror'8 = -gi'2 292 5 


Ether-extracted of] 42 3 5" 773 42°5 43°8 380'r 788 308 7 


The ether-extracted oil obviously brings along with it these saturated 
higher fatty acids (free) due to which it has a higher acid value and lower 
iodine value. The mixed fatty acids liberated from it have a higher mel- 
ting point and higher mean molecular weight than those obtained from 
the expelled oil. Further, this oil has been observed on keeping for a week 
or two to deposit these solid fatty acids admixed with a Ilttle karanjin 
{Rao and Seshadri, Current Sci., 1940, 4 76), whereas the expelled oil did 
not do so during the same time. 


The results described above definitely indicate the occurrence of satura- 
the higher fatty acids (free) in the seed, their retention largely by the cake 
when the oil is pressed out and their presence in the oil when it is obtained 
by solvent extraction. 
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MECHANISM OF THE POLYMERISATION OF | 
THIOCYANOGEN FROM MAGNETIC 
STANDPOINT. 


ByS S. Boatnacar, P. L. Kapur anp B D. Kuyosra. 


Mechanism of the polymerisation of thiocyanogen to para form has Leen investigat<d 
by studying the paramagnetic property in different solvents eg. ‘tarbon disulphice, 
bromoform and cyclohexane of different concentrations. 


Thiocyanogen was obtained in the free state by Soderback (Annalez, 
i919, 419, 217) by the interaction of iodine with an ethereal suspension of 
silver thiocyanate. Jecher and Goebel (Ber., 1921, 54, 2223) determined 
by cryoscopic method the molecular weight of thiocyanogen in bromoforn. 
Solutions less than half normal indicated thiocyanogen to be dissolved as 
(SCN), but those with higher concentrations gave evidence of polymeri- 
sation. When a solution of thiocyanogen in solvents such as carbcn 
disulphide, cyclohexane, bromoform etc. is left for sometime, a brick-red 
or an orange amorphous mass separates, which is the polymeric form ef 
thiocyanogen known as ‘para thiocyanogen’. 

The polymerisation of thiocyanogen to the para form can proceed 
through various stages represented either by (SCN), (SCN)2, (SCN}, 
(SCN).,; (SCN)s, (SCN)o..---- (SCN)a or by (SCN)2, (SCN)., (SCN)., (SCN), 
ee (SCN), where x is an even integer 7.e. through the stages containing 
molecules having both even and odd numbers of electrons or those having 
only even number of electrons. The life period of different stages during 
the course of polymerisation is very short, therefore, methods such es 
depression in freezing point, elevation of boiling point, etc., cannot Le 
employed with success to explain the mechanism of polymerisation. 

Molecules containing odd number of electrons exhibit paramagnetism, 
whereas those with even number of electrons exhibit diamagnetism. Nov, 
if the polymerisation of thiocyanogen proceeds through the formation ef 
odd molecules, the solution of thiocyanogen at times would exhibit pars- 
magnetism. ‘Therefore the authors in the present investigation have 
undertaken to investigate the mechanism of polymerisation of thiocyanogen 
to para form by studying the magnetic property of thiocyanogen in difleremt 
solvents. 
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%s 
ExPERI'MENTAL,. 


Thiocyanogen in carbon disulphide, bromoform and cyclohexane was 
prepared by the interaction of silver sulphocyanide and bromine dissolved 
in these solvents. Pure solvents available from the stores were further 
purified by the usual methods. Pure bromine. was prepared by Scott’s 
method (J Chem. Soc., 1913, 108, 848), traces of moisture present in 
jt were removed by redistilling it over fused calcium bromide. In each 
solvent solutions of various concentrations were prepared. The maximum 
concentrations studied are indicated in Table I. “When higher concen- 
trations were prepared, thiocyanogen staited polymeiising into the insoluble 
form immediately. Deposition of the para form was quickest in bromoform 
and less so in carbon disulphide and cyclohexane respectively. 


TABLE TL, ; 


Limits of concentration of thiocyanogen for the various solvents. 


Carbon disulphide 0°48 N 
_ Bromoform 0°33 
cycloHexane _ Very low. 


, 


Concentigtion of thiocyanogen was determined by allowing a known 

volume of the solution to react with excess of KI solution and titrating 
the liberated iodine against standard sodium thiosulphate solution. 
_ ‘The susceptibilities of the solutions were found on Guoy type balance 
(Compt. rend., 1889, 109, 935; cf. also Bhatnagar, Mathur and Kapur, 
Indian J. Phys., 192838, 153) and were checked on Decker magnetic balance 
(ef. Bhatnagar, Nevgi and Tuli, Indian J. Phys., 1935, 9, 311). The 
susceptibility of thiocyanogen in solution was calculated from the relation 


— Xeoln. —(xr—p/100)xX solvent 


p/ioo 


” 7 t 


+ Xthiooyanogen - 


where p represents the weight of thiocyanogen in 100 g. of the solution. If 
left to evaporate all the solutions eventually deposited the orange, insoluble 
para thiocyanogen which was diamagnetic. ‘The results of the various 
measurements are tabulated below. 
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- Taare IT. 


Magnetic susceptibility of thiocyanogen from fresh” - 


solutions in carbon disulphide. 
e * . 


Temp.=18°, 


No. Colour. “Density. Normality. %SCN.  xeoln. - Susceptibility 
Specific. : Mol. 
Colourless 1-270 oO 0 —5°5COXIO™7 me _ 
I, Light yellow 1°278 0-48 2*19% — $°476 4°42 x07? —57:28 x 1c! 
2. ; a 1-276 0-42 r92 - —5°480 421° — 48-84 
5 » 1-274 "40 182 5459325. — 38-70 
4: » 1274 039 77, 5°40 2°06 34°74 
Tasty SII. 


Magnetic susceptibility of thiocyanogen from carbon disulphide. 


Solutions kept for 24 hours: 


Temp.=20°, 

No. Colour. Density. ee %SCN.  xscln : Suscepibility. 
1. Light vellow 1°273 0°082 037% —$'251x1077 +618 x 107 
2. si 1°273 0°076 035 ~ 5:341 +4:00 
3. a 1-272 0-060 0°27 —542r  @ — atsr 

TABLE IV. 


Magnetic susceptibility of thiocyanogen from solutions in bromoform. 


Temp.=20°. 


No. Colour, Density. Normality: %SCN. xsoln. . Susceptibility 
- Sp.* ” Mol. 
Colourless _2°888_ +o ° “3160x310 7 — = 
1 Yellow «2°85 0°33 0-679% 3-158 0°40 X10"° —47 56% ro~° 
a , : 2°820 Or 0638 3-165 “ —ox4r0 4 S 47-56 


on oS 2-832 O25 0513 3-166 —o-4Io, | —47°56 
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TABLE V. 


Magnetic susceptibility of thiocyanogen from solutions in cyclohexane. 


Temp.=20°. ° 
No. Colour, Density. Normality. %SCN, Xsoln. Xthioeyanogen 
_ Colourless 0:7750 ° o 8-100 x 1077 
I Red 0°7751 0-02 to 0°03 o'25 8052 +1°08 x 107° 
2. ” 0°7750 ” 0-24 8-053 +117 
3. ” 0°7750 " 0-24 © 8'033 +2:00 
Tasitx VI. 


Magnetic susceptibility and density of the orange para form 
as obtained from different solvents. 
Temp. =20° 


Solvent. "Density. xX 
Carbon disulphide ° 1°758 3°36 x 1077 
cycloFlexane 1755 3°35 
Bromoform 1-762 3°36 


, 


Mean 3°36x10 7 


DiscusSION. 


From the results tabulated above, the following points are brought 
out in prominence: ‘ 

x, In bromofofm solutions with concentrations below o'5N, thio- 
cyanogen exhibits a constant specific magnetic susceptibility of 
_ ~o'410 X 107. 

2. Im fresh carbon disulphide solution (Table 1) of concentration 
o'48N and 0°42N the specific magnetic susceptibility of thiocyanogen is 
—o'442x107§ and —o'421 x 10 © respectively, and in solutions of lower 
concentrations the value decreases. Furthermore, when these solutions 
are kept overnight, there is a decrease in the concentration due to separation 
of the insoluble para form and the thiocyanogen then exhibits paramagne- 
tism (Ta? +. TI). 
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3- The cyclohexane solutions are dull red in colour and inspite 03 
the great dilution of the solution, thiocyanogen shows definite paramagne 
tism (Table V). " 7 

4. The specific magnetic susceptibility values and the density measuze- 
ments of para thiocyanogen as obtained from different solvents show them 
to be similar in nature. 

Kauffmann and Kogler (Ber., 1926, 59, 178) found that thiocyanoges 
polymerises with the formation of cyanogen thiocyanate and dithiocyanogem 
monosulphide, and therefore they assumed that this halogenoid is capabl= 
of existing in two tautomeric forms to which they assigned the following 
structural formulae : 


S--C=N J&EN 
= S=SC 

S8—C=N C=N 
(I) (IT) 


Brindley (Phil. Mag., 1931, 14, 786), Kido (Sci. Reports Tohoku Imf. 
Univ., 1932, 24, 1), Bhatnagar and Lakra (Indian J. Phys., 1933, €, 
43) and many others have found that Slater’s method of calculating chazge 
distribution gives magnetic susceptibilities in better agreement with exper.- 
ment than those calculated according to Pauling’s method. 

When the molecular magnetic susceptibility values for formulae (I) ent 
(II) are calculated by taking into account Slater's values for gram ion:c 
susceptibility of sulphur and Pascal's corrected values for carbon end 
nitrogen and constitutive correction factor due to each C=N group, we zet 
the molecular susceptibility of (I) by the additivity law to bee— 45-90 x 19° 


6 


and for the molecuiar susceptibility of (II), —64:79 x i07~°. 


Slater's gram-ionic susceptibilities. 
s? Ss? = si 
— 34-36 x 1076 — 12°15 x 1076 ~— 5-73 x 1078 
Pascal's corrected values of susceptibilities. ; 
Xa 
Carbon —6'00 x 1076 * 
Nitrogen é . 5°57 


. 


Constitutive correction factor forC=N 0°77 
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~ The molecular weight of thiocydaogen in bromofortn was: determined 
by Lecher and -Goebel (loc. cit.). Cryoscopic measurements for solutions 
less than half normal indicated thiocyanogen to exist as (SCN),. As given 
in Table IV, the specific magnetic susceptibility -of thiocyanogen is 

—o-410°X10°*, and assuming it to exist in = form (SCN)., its molecular 
susceptibility comes out to be —o'410 X 116 X 10 * or — 47°56 X107°.- 

: Comparing the value —47°56xx07*- obtained above for thiocyanogen 
with ~45-090X10 “and ~64:79X107°, the values for the two tautomeric 
forms of thiocyanogen calculated on the Slater’s basis,- it is clear that in 
bromoformi solutions, less than semi-normal, thiocyanogen exists as (SCN)>. 
Taking Slater’s values to be correct, the percentage of ‘the two- tautomers 
in bromoform solutions works out as (I)=o1-21% and (II) =8-79%-. 

Further, because the value of molecular susceptibility lies between those 
of the two tautomeric forms of (SCN)., it is evident that in these solutions 
thiocyanogen does not ionise to give the free radical SCN. These results 
are in accord with the cryoscopic determinations of Lecher and Goebel 
(loc. cit.). 

'- The values of molecular magnetic susceptibility of thiocyanogen: cal- 
culated from freshly prepared o48N and o42N solutions in carbon -disul- 
phide (Table II) come out to be —51°28x10 ° and —48-84x 107° respec- 
tively.” These values are higher than the values obtained from bromoform 
solution as wellas those calculated for the formula N=C-—S—S-C=N 
(Slater), but less than that calculated for the formula (II) 

It is clear from these results that in solutions of concentration o42N 
and higher, thiocyanogen ‘shows tendency to tautomerise between formula 
(I) and (IT) and there is 71-5 and 84-4% of (I) in solution of 0-48 and o- 42 
normality respectively. 

However, the values of molecular susceptibility obtained for slightly 
more dilute solutions (Table IJ) are even less than the calculated value for 
formula (I). This decrease in the value shows that in the fresh dilute 
solutions, thiocyanoget ionises to give the odd molecules SCN, which being 
paramagnetic reduce the diamagnetism of the dimolecular form appreciably. 

The Bohr magneton value for an odd molecule calculated from the 
formula 2°839Vxu (T—8) comes out to be 1-73. Taking # to be zero for 
approximation and T=293° A, the x» for a free radical from the equation 
1°73=2°839\/ Xx X 293 comes out to be 1272 x 10°. : 

In case of thiocyanogen the free radical SCN has a molecular weight 58. 
Specific susceptibility calculated from xx = 1272 107° for this free radical 
would be 21°93 X10"*. ‘The specific magnetic susceptibility of (SCN), as 
found in bromoform solution is —o-410x 107°, Assuming the solution of 


~ 
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thiocyanogen in carbon disulphide to Bé a mixture of SCN and (SCN), and 
calculating on this basis the percentage of free radical SCN in carbon disul- 
phide-solution: of normality o-40 and 0°39 would be as given in Table VII. 


> . TasiEe VII. ° 
Solvent . Normality. RS : Free radical. 
cs, 0-40 —0°325 x 1078 0-38% 
cs, , 0390—~Ct —0°296 : 0°51 


When the fresh solutions in carbon disulphide were kept overnight aa 
orange polymer separated out as insoluble deposit and the magnetic suscept-- 
bility of the filtered solution exhibited paramagnetism (Table III). Tke 
paramagnetic specific susceptibility of thiocyanogen varied from 0°618 to 
o-251x 10° for solutions of concentration 0-082 to o-o60N respectively. 
‘These results show that the polymerisation of thiocyanogen to para form 
takes place through the various stages represented by SCN, (SCN)., (SCN ; 
(SCN),, (SCN)s5.....0++ (SCN), and not ‘through (SCN)., (SCN),, ‘SCN’, 
Jecueee’s (SCN), where n is an even integer. So that when the solution hes 
an excess of the odd molecules, it exhibits greater paramagnetism than 
when the concentration of the even niolecules is greater. The susceptibility 
values found out are the net results of these opposing factors. 

Solutions of thiocyanogen were also prepared in cyclohexane. Although 
the concentrations of thiocyanogen were low (0-03N) yet one striking feature 
noticed in their case was that the solutions were dull red in colour ard 
thiocyanogen was definitely paramagnetic in nature. The colour of tke 
solution, Coupled with the definite paramagnetic values obtdined for thio- 
cyanogen clearly shows that in these solutions of thiocyanogen there is en 
appreciable amount of the free radical SCN present. ‘The percentage’ of 
the free radicai SCN as calculated is given in Table VIII. 


TaBLE VIII. 
Solvent. Thiocyanogen in the Xthlocyanogen. Free radical SCN” 
solution. ; z 
cycloHlexane - 925% > + g08 x 1078 6-67% a 
: 0-24 Ily 707 ae) 
a” : 0°24 2°00 , 10°78 cE 


When the solutions of thiocyanogen in various solvenis were made to 
stand for more than 48 hours, all of them deposited an orange coloured 
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para form. The density measureméhts of the various samples and the 
magnetic susceptibility values as given in Table V1 show that except for 
slight variation due to experimental error, the samples are the same in 
nature. As regards the constitution of this para fotm nothing is known. 
Its molecular weight had not been determined due to various difficulties 
such as its total insolubility in various solvents and decomposition on 
heating. 


Farquharson (Trans. Faraday Soc., 1936, 82, 219) has found that when 
cyanogen chloride Cl-C=N polymerises to (CNCI), with the replacement 
of triple bonds by double bonds, the molecular susceptibility of cyanogen 
chloride polymer decreases. 


According to Pascal the bond constitutive effects are 
-C=N- + 8-2, 
-C=N +08 


so that the disappearance of three (—C=N) bonds should raise the dia- 
magnetic value of susceptibility by 2-4 and the appearance of 3(-C=N-) 
bonds should lower it by 24°6, so that there should be a net decrease of 
22°2. 


During the polymerisation of thiocyanogen the value of specific magnetic 
susceptibility has fallen from —-o-410x10~* in bromoform solution to 
—0-336x10-° for the para form (Table VI). This fallcan be due to the 
replacement of some of the triple bonds by the double bonds as in the case 
of cyanogen chloride studied by Farquharson. It may be suggested that the 
para form may have a structure resembling in some way the structure of 
polymerised cyanogen chloride. 
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PHYSICAL CHEMISTRY OF RESIN SOLUTIONS. PART I. 
N ATURE OF RESIN SOLUTIONS IN ORGANIC SOLVENTS. 


By Santi Ranjan Part. 


Solutions of natural resins, particularly shellac in organic sclvents like alcchol, 
acetone, etc. have been found to be non-colloidal since they rapidly dialyse out, pess 
through ultrafilters easily, are devoid of Tyndall effect and have considerable osmozic 
properties. The soft resin and pure resin of shellac are present in shellac as mechanical 
mixture since they diffuse in solution independently of each other. Pure resin of shelc 
has becn found to be homegeneons in molecular mass as it could not be separated irto 
fractions with different melting points and acid values, by dialysis 


Alcoholic solutions of natural resins, perhaps due to their association 
with varnishes are often assumed to be colloidal and this idea is free-y 
mentioned in literature without any convincing experimental support. 
Thus, Zsigmondy - (“Chémistry ‘of Colloids,’ Eng. Trans. p. 32) places 
resins in the ‘class‘<of colloids like rubber, etc. which are soluble in en 
organic medium. This is particularly true of shellac solutions whose 
colloidal nature is assumed by a number of workers including Gardner 
and collaborators’ (Ind. Eng. Chem-., 1929, 24, 227; Ind. Eng. Chena. 
‘Anal. Ed., 1929, 1, 207) and Verman (Technical Paper No. 11 of Lond 
Shellac Research Bureau, pp. 4, 11) without any definite experimental 
evidence. Even Tschirch and Stock (“Die Harze’’, 1932, Band I, 
p. 147) are inclined to believe natural resins and their solutions 2s 
colloids and they quote the work of one of their students, Siedeb, 
who attempts to prove the colloidal nature of resin solutions in alcohol 
by direct dialysis’ in parchment. Another observation relevant to tke 
subject is that of Wo. Ostwald (Trans. Faraday Soc., 1920-21, 16, Generel 
Discussion, p: 89), who finds that natural resins and all other substances 
which spontaneously dissolve 'in alcohol have a perceptible rate of diffusicn 
through-collodion membranes which points to the fact that at least a pa-t 
of the resin is present in true soiution. 

Since substances like dyes, soaps etc. which are colloidal m 
aqueous inedium have been found out to be molecularly disperse in alcohol c 
solutions, it is quite probable that such solutions of natural resins may ‘also 
-be molecularly disperse. And the fact that most natural resins have 
molecular weights generally-less than 2000, but usually between 300 ant 
700, debars them from being moleculat colloids, and warrants the possibility 
that‘alcohlic solutiotis of the resins may be trué solutions and not colloidal. 
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The purpose of the present paper is to investigate the nature of resin 
solutions in organic solvents with special reference to shellac. The probiem 
has been investigated having regard to the following characteristic 
properties of colloids viz., dialysis, ultrafiltration, Tyndall effect and osmotic 
properties. , 


ExPERIMENTAL 


Dialysis. 


Investigation in alcoholic solution is rendered difficult for want of a 
suitable semipermeable membrane in alcoholic solution. Parchment paper 
is useless as being very slow in action and not perfectly wetted by alcohol, 
and membranes of collodion and cellophane were tried as Wo. Ostwald 
(loc. cit.) previously used them with some success in alcoholic solution. 
Best results were, however, obtained by using alcohol-insoluble ultra 
filtration membranes ‘commercially called ultra-cella filters) manufactured 
by de Haen works of Germany. ‘he membrane was stretched across the 
bottom of a circular dialyser and tightly fixed there with rubber washers 
and suitable nuts. Dialysis was carried out with 20 c.c. of 20% dewaxed 
shellac solution in redistilled industrial spirit under a tightly fitting bell jai 
to prevent evaporation of alcohol ‘The results with different membranes. 
are given below. 

(a) Collodion Membrane.—Both the resins present in shellac dialyse 
with great rapidity through such membranes and there is considerable 
osmosis. With 500 c.c. of alcohol as outside liquid, more than 50% of the 
total resin diffuse out in about 6 hours and the outside and inside concen- 
trations equalise in about 24 hours. But the experiment is very difficult 
to carry out for any length of time, as the membranes swell and become: 
soft in contact with alcohcl, and in a few hours usually burst either due 
_ to osmotic rise or to slight mechanical shock. 

(b) Ultrafiltration Membrane—With ultrafilters of the grade ‘ultra- 
cella’ (finest) which is capable of retaining not only the finest gold sol 
but even aibumins, shellac solutions in organic solvents diffuse with extreme 
ease. ‘The resin may be detected in the dialysate in less than half an 
hour. ‘Through a gem. diameter membrane using 500 c.c. of alcohol outside 
and changing it once in three days, more than 50% diffuse out in the 
first three days and practically the whole quantity. of shellac diffuses out 
during 4 to 5changes That nothing colloidal is left inside after this period 
is shown by completely ultrafiltering the residual inside liquid through the 
game membrane. 
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(c) Cellophane Membrane.—With cellophane both the resins diduse 
out comparatively slowly and make their presence detectable in the dialysate 
‘only after three to six hours. ‘The slow rate is further shown by the fact 
that only about 20% pass through in one week. 


Composition of Dialysate. 


‘The proportion of soft resin and pure resin present in the dialysate 
was determined analytically and shows the following figures for the very 
permeabie co!lodion ‘metiitbrane for the first six hours, after- which the 
membrane burst for reasons already mentioned (outside liquid—zoo c.c. 
alcohol}. 


TasLe I. 
Composition of ‘dialysate during various stages of dialysis. 


Percentage of 


soft resin (ether Peteentogs 


soluble). hard resin. 

Collodiou membrane. 

Original shellac 29°6 70°4 

o-2 hours’ dialysate 52°3 477 

2-4 hours’ dialysate 50°4 49°6 

4-6 hours’ dialysate 47°3 52-7 
‘ Ultra-cella ’ membrane. 

Original shellac 29°6 70°4 

Dialysate after 40 hours 38°7 e 61-3 

Residue after 40 hours 18°3 . 817 


The above table shows that the proportion of soft resin and hard resin 
continually changes in the dialysate as well as in the residual soluticns. 
This conclusively shous that the constituents of shel¥ac are not chemically 
combined but are co-existent in the solution as a mixture in approxima-ely 
molecular proportion and diffuse independently, in contradiction to the 
idea of some previous workers (Verman and Bhattacharya, London Shellac 
Research Bureau Technical Paper No, 1). 


Ultrafiliration. 


A Zsigmondy type 9 .cm. ultrafilter, modified as described below aas 
used with ‘ultracella’ membranes of ‘fine’ and ‘finest’ variety. The 
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filter was closed with a 1 tight ‘fitting rubper stopper which was- ‘pressed down 
and kept in place by a circular brass sheet from above. The brass” ‘sheet 
in its turn was pressed down to the body of the filter ‘with suitable nuts 
‘and connecting rods. The rubber cork~ was fitted with two glass tubes, 
one for connecting to a pressure gauge, while the other was connected to a 
pressure tubing fitted with an ordinary cycle-valve, through which air 
was pumped in to apply pressure. ‘This arrangement is not only a conve- 
nient modification -of the apparatus but is essentially necessary for use 
with volatile Organic solvents. Otherwise. if suction is applied from bélow 
high vacuum is not created due to the high saturation pressure ‘of the 
solvent; and secondly, the solvent quickly evaporates off the bottom’ ‘surface 
of the membrane depositing a solid film of resin cn it, which hinders 
its further permeability. That the membranes have not ruptured during 
experiment was always tested with Zsigmondy’s gold sol after washing 
the membrane with the organic solvent used and then with water. Pressure 
of about 25 lbs. per square inch wasused. The results obtained are sum- 
marised below. 

(a) Solutions of shellac in alcohol upto concentratiens of 20% 
were tried and were found to pass unchanged rapidly through the finest 
membranes. As the concentration of shellac increases, the filtration 
becomes less rapid due evidently to increased viscosity. The solutions 
obtained on addition of water to the above solution also ultrafilters com- 
pletely right up to the precipitation point of shellac, if the ultrafiltration 
is carried out immediately. On standing tine particles- of shellac separate 
out from the solution and remain suspended as a coarse colloid. 

(b) 5% Alcoholic solutions of rosin, mastic, accroides and pontianac 
were tested an@ were found to pass completely and very rapidly through 
the finest ultrafilter. _It is really remarkable that the pontianac solutions 
behave in this way, for its alcoholic solution becomes turbid .qn dilution 
with more alcohol, which is generally believed to be due to-the presence of 
colloidal particles. Byt the true explanation-is a different one as has been 
proved by the author in a previous publication (J. Indian Chem,.Sac., 
1940, 17, 308). 

(c) Solutions of sheliac (5% and 10% by weight) in aqueous acetone (10% 
water) were tested and were found to pass completely through the ultrafilter 
quite easily. Similar solution of about 20% strength also passes through 
the membrane but the rate is extremely slow (about 10 c.c. in 24 
hours). The identity of the filtrate and the residual liquid on the 
filter was established by a determination of their density as refractive 
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index. 
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Tyndall dé ffect. 


_ The technique used was-a very simple one and followed very closeiy 
to that recommended by Hatchek (‘Practical Colloid Chemistry’). Carbot 
‘are lamp was used as the light source with suitable condensing system oO: 
lenses (an epidiascepe was used), and filters to cut off heat rays. “The 
electric arc worked on a current of about 4 amperes with a drop of 110 
- volts, between its terminals. The solution to be tested was contained in < 
glass cell made of highly transparent plane glass. This arrangement: .ivas 
tested before use with typical colloids, e.g. Zsigmondy's gold sol, mastic 
sol, etc. 

All the resin solutions used in the ultrafiltration experiments were 
tested. They were ail optically void just like ordinary alcohol except th2 
solutions which contained a laige percentage of water and were close to th2 
precipitation point. This abseuce of Tyndall effect isan agreement with 
the obseivations of previous workers. (Bender in Alexander’s ‘Colloid 
Chemistry,” Voi. IV), who invariably failed to disclose the existence of 
colloidal particles in resin solutions by ultfamicroscopic exanvination. 


Osmotic Properties. 


The osmotic properties of 1esin ‘solutions in so far as freezing pom: 
depressions and boiling point elevations are concerned have been studied 
by many different workers to gain an idea of the molecular weights of 
the résins. ‘Thus the boiling point elevation of abietic acid (the maia 
constituent of resin) solutions in acetoue has been ‘very carefully determined 
recently by Bender (J. Amer. Chem Soc., 1939, 61, 1812) who has found 
a inean molecular weight of 378 as against the theoretical value of 302. 
From Tschrich and Stocks’ book, it appears that a closer agreement thaa 
this is usual with most of thé components of natural resins The molecular 
weight of shellac in alcohol has been determined in this laboratory with 
the Cottrell’s apparatus and also elsewhere, and hds been found to have 
an average value of 1000. 

Freezing point depressions of shellac solutions in dioxane and glaciel 
acetic acid have been studied (Palit and Bhattacharya, J. Indian Cherr. 
Soc., 1939, 16, 258) and have always yielded values of rooo for shellac, aboct 
600 for soft resin (ether soluble) and 1800-2000 for pure resin (ether-ir- 
‘soluble). Even the fossilized copals have been found to yield ari average 
molecular weight of 500 by cryoscopic measurements by different workers. 
This shows that the resin molecules are hardly associated in solution 
organic solvents to form large micelles of colloidal dimension. 
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DISCUSSION, 


The position with regard to the nature of natural resin solutions has 
hitherto not been very clear. WNo systematic collcidal investigation has yet 
been undertaken with this end in view, but a number of molecular weight 
determinations by cryoscopic methods has been made in connection with 
the study of the individual components isolated from natural resins, In 
most cases, an approximate agreement with the values arrived at from 
chemical evidence is obtained, which shows that at least in dilute solutions 
these resin components form true solutions. But coming to the question 
of the solutions of natural resins themselves, they are almost universally 
supposed to be colloidel. Such an assumption rests on some indirect 
evidences. All resin solutions under suitable conditions of temperature 
and concentration are capable of forming gels which are commonly believed 
to be di-phasic and since solutions of resins are nothing but these gels 
simply with a greater proportion of solvent, a colloid structure for them is 
assumed as a naturai corollary. Houwink’s isogel concept for resins 
(“ Natur- und Kunst-harze,”’ 1934; cf. “‘ British Plastic Year Book” 1935, 

p. 51) in the solid state has also materially contributed to strengthen this 
widespread belief for resin solutions. 

The evidences presented herein, show that the assumption of cciloidal 
“nature is here totally unjustified. The idea of a reversible micellar aggre- 
gation of a part of the resin in solution, though conceivable, is not suppoited 
by osmotic evidences, as the observed molecular weights are of an order too 
low for micelle formation. Rapid dialysis may, however, well be explained 
by the micellar theory as being due to the dissociatton of micelles to the 
simplest units which pass through the membrane and recombine on other 
side, but such micelles must be extremely few in number as osmotic resuits 
show. Though a strong Tyndall effect is a positive proof of the presence 
of colloids, its absence, as is well known, may not bea sure indication of 
true solution, since the Tyndall effect depends not only on the particle 
size but also on the diference in refractive indices between the dispersed 
phase and the medium. The ultrafiltration experiment is, however, 
very definite in its indication and is irreconcilable with a micellar theory. 
For substances like soap, where micellar aggregation is definitely esta- 
_blished, it is known from the work of McBain and Jenkins (J. Chem. 
Soc., 1922 124, 2325), that only a very. small portion passes through 
the ultrafilters as aginst the resin solutions investigated here where 
the whole solution passes through unchanged in composition in a few 


minutes. The effectiveness of these membranes, for organic solvents 
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has already been established by Kumichael (Koll.-chem. Beth., 1928, 258, 151'; 
who using a cella ultrafilter obtained an ultrafiltrate of practicrlly . pure 
acetone from its nitrocellulose solutions. In this connection an ultrafiltration 
experiment quoted by Traxlar (Chem. Rev., 1936, 19, 125) is interesting. 
On ultrafiltering Petroleum, both soft and hard asphalts dissolved im 
petroleum, were quantitatively retained on the ultrafilter, whereas tle 
associated resin passes through the filter in petroleum solution. Amn addi- 
tional proof of the non-existence of micelles or loosely bound aggregates 
in natural resin solutions is furnished by Houwink (‘‘Physikalische Eigensha- 
ten und Feinbau von Natur-und Kunstharzen,’’ 1934,p. 206) who from 
viscometric investigations of such solutions arrived at the same conclusion. 
It seems, therefore, highly probable that resin solutions are non-colloidal 
in spite of their great gei-forming capacities. Of course, gel-forming 
tendency is not necessarily associated with a colloidal structure as proved 
in the case of alcoholic solutions of soaps (vide, Lederer, “‘Kollod 
Chemie der Seifen,’’ 1932, pp. 78, 229) or linseeed oil, pure or moderate y 
oxidised, which according to Freundlich (J. Oil & Colour Chem. Assoc , 
1935, 18, 74) is non-colloidal since its benzene solution easily passes through 
the ultra filter. 

For shellac it bas sometimes been postulated (Bhattacharya ard 
Gidvani, London Shellac Research Bureau, Technical Paper No. 16) that 
it is composed of all sorts of polymers ranging from 300 to 3,000 x 
molecular weight. Our experiences have always been to the contrary 30 
far as diffusion experiments are concerned. In one of.our experiments 
pure resin solution in alcohol was dialysed in the finest ultrafilter 
membrane. ‘The dialystates at different stages of dialysig and also the 
residue were compared with one another and were found to be identical 
in acid values and melting points within the limits of experimental errer. 
If pure resin were composed of molecules differing widely in molecu‘ar 
weights, we could reasonably expect to effect some segregation of heavy 
and light molecules by dialysis with consequent difference in melting poirts 
and acid values of these fractions. 

The absence of all typical and fundamental colloidal properties in resin 
solutions e.g., low rate of diffusion, negligibie lowering of vapour pressu-e, 
Tyndall effect and retention on ultrafilters, makes it imperative to explein 
the so-called colloidal properties of resin solutions e g., high viscosity, tendency 
towards gel formation, characteristic tackiness, etc., on solvation bass. 
There is no doubt that soivation is an essential phenomenon in such solutions 
but the inadequate nature of our knowledge of solvation stands in our way 
to any fruitful discussion on the point. It seems that Stewart’s conceptibn 
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(Chem. Rev., 1929, 6, 483; Trans. Fatuday Soc., 1937, 38, 239) of * cybotactic 
groups’ or evanescent swarms may be nearer to truth for such solution, a 
view advocated by Bender (toc. cit.) who brings out some experimental 
evidence in its support. 

The important question now arises whether resia solutious should be 
regarded as systems in thermodynamic equilibrium or not. In other words, 
we are to answer the question, given the temperature and concentration 
of the system, are all other properties definite and invariable for such a 
system? We must admit that at the present state of our knowledge an 
unequivocal answer is not available. For intrinsic colloids like high- 
molecular-weight syntLetic resins, it is the general experience that the 
properties of the resin so,utions depend to some extent on the past history 
of the same but in not such a remarkable manner as the aqueous solutions 
of gelatin, albumen, etc. This is clearly brought out by the cryoscopic 
measurements of Bender (Joc. cil.) on solutions of rosin and some phenolic 
resins where he finds a considerable difference in the boiling point elevations 
of similar solutions prepared in slightly diferent manner. The same worker 
finds that the viscosity of resin solutions changes slowly with time. It 
appears, therefore, that the properties of such solutions are not defined™ 
completely by two parameters but have some degree of latitude within short 
limits, which in its turn depends on the structural complexity of the resin 
and its affinity for the solvent. Recently, however, Papkov and co-workers 
(Acta Physicochem., 1938, 3, 647) have found out that in the dissolved state 
of highly polymerised substance, molecular dispersions are obtained, and the 
phase 1ule is completely applicable to the system, highly polymerised 
substance-solvent. 

he author expresses his deep sense of gratitude to Dr. H.'K. Sen, 
Director, Indian Lac Research Institute, whose constant advice and unfailing 
encouragements have been of real help towards the work. 


* Tae Inpran Lac Resrakce INSTITUTE, Received May 16, 1940.7 


Namxkum, RANCHI. 


MECHANISM OF MUTAROTATION OF 
me -  D-OXYMETHYLENE CAMPHOR. 


By W. V. BuaaGwat, S. HARMALKAR AND S. S. DESHAPANDE. 


Mutarotation of d-oxymethylenecamphor has been examined with reference to its 
fractional change in rotation (when it becomes constant) being independent of initial 
concentration. Results on the velocity of mutarotation from copper salt indicate that the 
mutarotation consists in the transformation of enol into keto form. 


Pope and Read (J. Chem. Soc., 1909, 94, 176) and Bishop, Claisen and 
Sinclair (Annulen, 1894, 281, 331) have observed that d-oxymethylene- 
camphor shows a change in optical rotation with respect to time, both in 
benzene and aleshol. ‘The results in alcohol refer to one concentration only, 
while in benzene they have studied the change for three concentrations. 

Pope and Read (loc. cit.) have not shown that fractional change in 
rotation, when it has become constant, is independant of initial concentration, 
a condition necessary for mutarotation. We have, therefore, examined 
the question and our results in absolute ethyl alcohol are given below. 


aah a 
2 - 


Tasre I. 
Wt. of the Length of Time. ap. Go/ ty. 
substance. + the tube. 
2-454 (g. /r00 c.c.) 1d. cm. o hr. 4°85 0928 
” 26 4°50 a 
2-518 "0 5700 0930 
7 : 26 : 465 . 
1-878 ; _ ° ; : 3°70 0-932 
wl 20 3°45 
5-767, ° 11-2 . 0-941 
Reef 48 - 10°55 
1°280 ; ° a*sol 0-920 — 
rr . , 24 2°30 
6183 Be 0 I2°0 0-933 
we , : 48 11-2 : : 
28616 | - 2d.cm ° 10°45 : 0-938 
weet a - 24 9°80 
16584, . “ ° 6°4 ; - 0°937 
my eee 4 24 , ee 
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The above results, therefore, indicate that d-oxymethylenecamphor 
shows mutarotation. 

Although Pope and Read (loc. cit.) have observed the optical rotation of 
d-oxymethylenecamphor to change with time, no attempt so far has been 
made to study the rate of this change Our results in ethyl alcohol with 
and without HCl as catalyst are recorded below. 

In determining the order of the reaction, the difference -between the 
constant reading (e,) and reading at any time ¢, is taken to be proportional. 
to the contentration of d-oxymethylenecamphor at that time and is there- 
fore=a—x, where ‘a’ is the initial concentration when t=o. ° 


Tasre IT. 


. Wt. of the substance=5°757 g. in 100 C.C. a is in x d.cm. tube. 
Temp=24 5°. - : 








K = 4\= 
I a ; . of a 
t @p a—x. 7 log ar t. ap, a—%. log: oe 
Omin. x12 o-65 (a) : 135 min, ro"Bo 0-25 0°00705 _ 
30 IDI O55 0°00557 210 1070 =O" 000697 
55 Ito 045 0°00667 895 10°65 = o-IO 000686 
80 IO-gO +35 0-00773 2% 10°55 
roo 10-85 0°30 * 09-0077 
e 
Taare IIT. 


Wt. of the substance=6" 183 g. in 100 c.c. a is inrd.cm. tibe. 
Temp.=25°"5. 





Ky= K,= 
e 
I a ot a i a 
t ap a-% - log aoe t ap a-%. ; a os 
‘ . : 
omin. 12°0 o 80 (a) gi min. 11-60 0°40 0.00759 
15 1I-QO 0-70 : 0-00888 108 11°55 0.35 ° 00764 
35 r1°80 0-60 0-0082r 134 II-§0 0°30 0°00731 
50. 1r75 0-55 0-00745 155 II-45  _ O25 0°00750 
60 IT"7O 0-50 ” 0-00782 195 1x°40 0-20 000708 
76: «rr65 045 0-00757 450 1I'25 0°05 000614 - 


oo ry°29 ore rye” 
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'* Tanz IV. 


Wt.. of -the. substance= 3°6500 g. in Too c.c. 072 Cc. of 2°117N-HCL 
were added.- Temp.=24°. as is in 2 d.cm. tube. 


t.” ° a. = "aw. K, =} log >: 
omin. * 13-25 nS 1°40 (a) ase 
35 12-80 0-95 O'O110 
190 12°05 ; 0:20 ; O-OI0I 
225 ‘ 12-00 orrs 00099 
260 7 . x1-85 ee ad 
eae FF Tanret V. 


Wt. of the substance=2°1896 g. in rooc.c. 02 C.c. of 2°117N-HC. 
added. Temp.=20°7°. a is in 2 d.cm. tube. 








sini K,= K- 
to ap. ax, 7 bs —<— t. ap. a—%, = log. oo ; 
omin. 830 1°40 (a) Se 162 min. 7°60 0-70 O°00414 
18 8-20 1°30 0.00414 190 7°50 0-60 0°00437 
37 805 = «I'S 000529 232 749 0°50 0°00437 
49 8:00 I*r0 0-00483 254 7:35 O45 000437 
63 795 105 000460 284 7°30 ©6040 0:00437 
78 7-90 1:00 0°00437 438 , 705 o1%5 ® o0506 
92 7°80 0-90 0°00483 476 7:05 orrs 0°00460 
108 775 = 0°85 0-00460 501 6:95 0-05 000667 
127 7-70 0°80 0-00437 90 690 ses sae 


Estimation of the enolic Form. 


Attempts were made by us to see whether ordinary d-oxymethylene- 
camphor exists mainly in its keto or enol form. Enol form of the 
compound, as it contains OH group in the side-chain, should behave as aa 
acid, and hence could be titrated with sodium hydroxide. The amount cf 
alkali required is therefore a direct measure of the amount of enolic form 
in the given amount of the compound, provided no change occurs during 
titration. . ies 
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The other method that was employed for this keto-enol estimation is due 
to Heiber (Ber, 1921, 54, 902). We modified the method as follows. 

Instead of adding copper acetate solution in alcohol-chloroform mixture, 
aqtieous copper acetate was added to the substance dissolved in alcohol. 
The precipitate of copper salt formed was then extracted with choloform 
and the chloroformic solution was then decomposed by “dilute sulphuric acid. 
‘The copper thus liberated was then estimated volumetrically. 


Tasie VI. 


Estimation of enol form by NaOH titration. 


d-Oxysnethylenecamphor. Enol %.- Vol. of NaOH. 
Wt. faken We. calc. (0°0303N) 
orIG13g. 0-1848¢. “96-6 33°90 C.c. 
Or17eg 01608 - 94°4 29°50 

o*1600 0°1567 97°9 : 28-75 

0-1830 0-1820 99°4 33°40 


It seems therefore that d-oxymethylenecamphor exists mainly as an 
enol, although it is not unlikely that addition of alkali might be conyers 
the keto form into enol form. 7 


TABLE VII. - as 7 


Estimation of enol by forming copper salt, (Heibe1’s method). 
0'02658N-thiosulphate used for titration. 


Wt. of substance, Vol required Wt of substance Enol %. 
(Cu salt). calc. 
orogi8g. 83cC¢. 0-07941¢ 86-5 
0-1458 - 12-3 ; 011779 ; 80"7, 
0+2083 °  18'0 0°17220 82-6 
06033 eo oe 0"49500 82-5 
o-rr8o _— 0-09710 . 82-3 ea 
0-3170 _ 0°26020 82-0 
0°2362 _ O*IQ410 82'2 
070568 — 004670 : 820 StS 


These results confirm that d-oxymethylenecamphor mainly exists! in 
enolic form, the percentage of enol being about 80. 
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Velocity of Mutarotation of d-Oxymethylenecamphor. 


A known weight of the substance was dissolved in a known volume 
of absoiute alcohol.. A known concentration of catalyst (HCl) was added 
and the amount of enol was estimated in terms of thiosulphate required 
for a definite volume: of solution -taken out: from time to time. 
The results are as follows. 

Taste VILL. 

-“"x'4123 G: of substance dissolved in ‘50 c. c. of absoliite alcohol. o°2 c. 2. 

2'117N-HCl added, 5 c.c. of the solution titrated at a time against 
0'2776N-thiosulphate solution. Temp.=23°8°, 


t Thio required. “Hnol%. K =F log foe : 
omine _ 13-5 Cc. 95°5%, 
6. 12° : 85°6 " “ O-00I59 - 
120 117 + 829 0-00120 
180 1r4 : 83 0« "00094" 
24 hours ep TES 7785 - 0*°000133 


EL { 
It is clear from above that the reaction is not unimolecular. 





: ~~ Yasre DX. 
0'8382 G. of the substance dissolved in 50. ¢. of alcohol. Temp. 
43°8°. Conc. of HCl same as above. : e 

te Thio required, ; - Enol %. - K,= “log a 
o min 7:2 €. C 85°8 

30 60 { eae "705 De : 0'00607 

60 50 - 596 - 0-00607 

90 4°25 ; 50°6 000589 
x20 3°85 459 ; 0+00§20 
150 . ; . 3°30 39°3 000518 
180 3°15 37°5 0°00455 

az hours 2-40 29°2 


The velocity coefficients slowly fall with increase of time. _- oe 


* 
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DISCUSSION 


-The results of keto-enol estimation by Heibe: method (loc. cit.) and, 
by titration with alkali clearly establish the fact that d-oxymethylene- 
camphor mainly exists in the enolic form. This view confirms the 
observation of Briihl (Z. physikal. Chem., 1900,34, 1), Federlin (Annalen, 
1907, 886, 251) and of Pope and Read (J. Chen. Soc., 1909, 9%, 176) made 
by refractometric, calorimetric: and polarimetric methods respectively. 
Brith] .(Joc. cit.) and Federlin (loc. cit.) suggested that the constitution of 
d-oxymethyienecamphor is represented as 


~* /C:CHO 
on: 


Pope and Read (loc. cit.) have criticised the work on the ground that 
these workers have not considered the possibility of the formation of 
equilibrium mixture of two enolic modifications suggested by. Claisen 
(Annalen, 1894, 281, 306). 


C:CHOH Jo CEO 
C.Hy \ | —= CoH IV 
CO C’OH 
Type (1) 

They have come to the conclusion that d-oxymethylenecamphor 
shows mutarotation due to this change of one enolic form into another. 
Our results with velocity of mutarotation as investigated by copper salt 
method clearly point out that the amount of enol decreases with time; and 
since it is the only the enol which can form copper salt, this decrease clearly 
indicates that muta change consists in the transformation of enol into keto 
form. 

eC:CHOH CH'°CH:0 
CHK) > Ci € 
CO 


Type (TI) 


Pope and Read (loc. cit.) have offered no experimental support to 
their suggestion except the work of Brith! (loc. cit.) and Federlin (loc. cit.) 
which in reality does not exclude the possibility of keto change during 
mutarotation. Moreover, Pope and Read did not show that the 
ratio of final rotation to initial rotation is constant whatever may be the 
initial concentration of the substance However, our polarimetric results 
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show that ratio of the final rotation to initial rotation is constent 
and is independent of initial concentration, But this constancy need not 
necessarily confirm the view of Pope and Read for, even in case of 
equilibrium of the type (II), similar results are possible. Study of muta- 
rotation by polarimeter is therefore not enough to draw any conclus-on 
since both constitutions are admissible. The investigation by copper salt 
method for enolic form therefore is the only way to decide between he 
two possibilities. The fact that the amount of enol decreases with time 
clearly confirms our suggestion that in mutarotation, enol changes to 
the keto form. If both forms are enolic the weight of copper salt formed 
with time should have remained constant. 

There is no doubt therefore that mutarotation involves a change 
from enol to keto from (Type II). This change may be either an equ‘lli- 
brium change or one-sided. 

The constancy of the ratio of initial rotation to final rotation cannot 
decide between these possibilities, since whether the change is comp“ete 
or fractional, in this case change being from one molecule to one meleaule 
the ratio must come out to be a constant. Results with copper salt method, 
however, support the equilibrium view. For if the reaction is one-sided all 
enol will become keto at the end and no copper salt will be foruced, 
This, however, is not observed. When the concentration of the enol fcrm 
has fallen to a certain extent there is no further change. 

The change associated with mutarotation cannot be of such a simple type. 

In that case the calculation of velocity constants by the formulae 

ee log os , 

should not give constant results. Actually polarimetric results 

give a constant value for velocity coefficient and also for the ratio 

of final rotation to the initial rotation. However, the monomolecalar 

formula fails when results are expressed in terms of copper salt. It is 

clear therefore that mutarotation change also involves aside reaction in 
such away that the ratio of mutarotation values is not affected. 

It seems likely that the mechanism of mutarctational change can 
be correctly represented as ; ” 


ae oo as /&:CH:O CH°CH:O 
—_> ll =—> 
ats a thie Saag CH Sc6 
(A) (B) (C) 


At first the enolic form (A) changes into the second enolic fornt (B) 
which then forms an equilibrium with (C)- It is likely that the form B and 
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C have practically. the-same optical rotation so that for. all calculations by 
polarimeter the change is only represented by -A —>B which is -mono- 
molecular reaction.. This is why the polarimetric results give more or less 


a constant value with the formulae = log ae and also for the ratio of the 


initial rotation to the final rotation.-- But for copper salt method both A and 
B form copper salts while C does not, and hence the change cannot be 
represented only as A—>B and monomolecular constant is therefore not 


possible. 
Let us consider the above change ~ 


A > B. —_ ¢ 
- Hydroxy (i) Hydroxy (ii) - Keto. - 


Let the initial concentration of Hydroxy (i) be ‘a’ and its concentration 
at any time ¢, be a—x then for the reaction A—>B, we have 


—— =K, (a~x) ‘ Lees i) 
J,et the concentration of B and C’ at the same time, ve mand y ; ; then 
for the reaction - BC 7k or m=Ky_ - . a 8d. (it) 


But the total concentration at all times eat be= ey the initial Cancale 
tion. Hence - : 


a=a-zt+m+y=a—-e+Kyt+y=a-ety (r+K) © 
ae S., x=(xtK)y ws (i 


e " 
Substituting the value of x« in equation (i) we get 


& |e rte Ky (4K) | 8 4 9} 





dt 


Putting K, (x1+K) =K, and 





cee . : 
=b we get . . 
K g' 


AER (b-y) ols) 
but ° x=(1+K) 9 or dx=(x+K) dy .. 


Hence (1+K) . =K, ER) (= y) 


d i . 
or ak K, (b-y) or Ky= | 8 py y oe) 
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3 Since initially d-oxymethylenecarfiphor is mainly enolic, there is no 
Bor C. “Also when value of copper salt becomes constant with time there is 
no A and whole isB+C=a. The change from A—>B does not change the 
weight of copper salt ; hence-any change in its amount with respect to time 
must be due the formation of ©. Thus we get y or concentration of C 
at any time. When there is no further fall in the weight of copper salt the 
weight corresponds to the weight of B at equilibrium. | Knowing the 
corresponding amount of C we get K=m/y. a is known, hence b=a/1r+K 
can be calculated. Thus the above equation and hence the mechanism of 
mutarotation can be verified. Our results are as follows : 


am 


TABLE X. ; i . 


1°4123 G. of the d-oxymethylenecamphor dissolved in 50 e.c. of aleohal. 
o'2 cc. of 2.117N HCl added. Temp.=23.8°. 5 c.c. of the solution were 
titrated with 0'02776N’ thiosulphate, ao 7 


c 


wen 


‘ : 


: an Thio. Ye KY BR b—y. $ K=> logs—;- 
o min. 13°5 CC. — 1.1/2.4 — _ 
65 12°23 3 =4-625 PL 0-0120 
rm 

120 mrg ; 1'8 ae 06 7 o'orls 
180 Il4 2'r ‘eos =2.4 03 O°OITS 

24 hours Irx 2°4 eee ase —6 

TABLE XI. 


0°8382 G. of d-oxymethylenecamphor dissolved in 50 c.c. of alcohol. 
o’2 C.cs. of 2.117N-HCI added. Temp.=33.8°. 25 C.c. of solution were 
titrated with 0°02776N-thiosulphate; 


4 
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t,  Vol.ofthio . . K. b. b-y, Kat log a5 
o min 7°2 _ os a ot 
30 _ 60 12 aes =4.8 3.6 0.00957 
60 5.0 2°2 eas 7 eas 2.6 0.0103 
99 4°25 2°95 esas 4: ses : 185 0.0106 
120 3°85 3°35 ses eee 1645 0.00996 
150 3:30 3°90 oes ies 0.90 0.01TO 
180 315 4°05 ae aa 0.75 0.0101 
az hours is ~ 480 ° ne aes Sire og Bae 


The consistency of the velocity constants clearly confirms the above 
‘ view about the mechanism of muta-rotational change of d-oxymethylene 


camphor. 


Cummstry DEPAREMENT, Received April 1, 19040. 
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DETERMINATION OF THE SPACE GROUP OF THE CRYS- 
TALS OF O-, M- AND P- NITROBENZOIC ACIDS. 


By V. C.‘Tsarar, M. R. KapapIA AND Mara PRasap. 


Crystallographic measurements of o-, m- and p-nitrobenzoic acids have been mad= 
and their space gronps affixed 

In the study of these crystals K, radiations from a copper ant& 
cathode were used. The rotation photographs and oscillation photographs 
at an interval.of 15° or 10° about the principal axes of the crystals, were 
taken by means of Bernal’s photagoniometer and the latter were interpreted 
by means of Bernal’s chart. 


o-Nitrobenzoic Acid. 


The crystals of o-nitrobenzoic acid are found to develop the followirg 
faces : 


a(roo), b/(or0), m(xx0) and c(oor). 


They belong to the triclinic pinacoidal class and the values of a, Band > 
and the axial ratio, calculated by Steinmetz from the crystallographic 
measurements in two different ways are: 


I. a=131°-11}/, B=109° a y= 61°"548'5 
a:b: c=#0°5364 : 1: 0°3576. ° 
Ue a=48°-484!, B=61°s4i', y=109°37'; 


a:b: c=1-5098': 1: 2:7963. 


(cf. Groth, “ Chemische Krystallographie’’, Vol. IV, p. 472). 

Crystals of the substance were obtained from dilute alcohol but it 
was found that the same type of crystals can be obtaited from a solutior 
of the substance in distilled water. cans 

The lengths of the axes determined from the rotation photographs 
(Plate I, Fic. 1-3) about a, b and c axes are: a=7-588, b=14-018, 
C= 5°05 A, ca 

These rotation photographs were obtained when the setting of the 
crystal was done with values of a, 8 and y, given in the first data. ‘These 
lengths give an axial ratio a: b: c=0-541:1: 0-361, which is in good 
agreement with the first data of Steinmetz. 

The list of reflecting planes in the crystal along with their approximate 
relative intensities is given in Tables I and IT. 


556 V. 0. THAKAR, M. R. KAPADIA AND M. PRASAD 


e 

It appears-from these data that*there are no abnormal halvings. ‘The 
crystals, therefore, belong to the space group Cj which requires two 
asymmetric molecules for the unit cell, The number of molecules calcu- 
lated from the dimensions of the unit cell and the density of the crystals 
which was found to be 1-559 is also 2. This shows that one chemical 
molecule of thé substance represents the‘asymmetric unit ‘of the unit cell. 

The ratio of the axes given inthe second data of Steinmetz can be 
obtained from the lengths of the-axes obtained above if the b and ¢ axes 
are interchanged. ‘This interchange was done by Steinmetz with a view 
to obtain a high value for the parameter w because the corresponding value 
for the crystal of benzoic acid is also high. But the value of a in the 
second data is the supplement of the value of a in the first data and .conse- 
quently ‘the number of molecules in the unit cell calculated from the 
second data comes out to be 0-46 which is absurd. Also it has been found 
impossible to interpret the oscillation photographs with the values of a, 
B and y given in the second data. These observations, therefore, © eatablish 
that the first crystallographic data is the correct one. 


m-Nitrobenzoic Acid (stable modification). 


" Crystals of the substance obtained from alcohol or water are. found 
to- - dévelop the c(ooz) and g(ozz) faces. ‘hey belong to the monoclinic 
prismatic class and the axial ratio obtained from the crystallographic 
measurements is @: b : c=0-9656: 1 : 1-2326 and B=o1°-114! — 

(cf. Groth, ibid, p. 475). s 
The lengths of the axes calculated from the rotation photographs 
(Plate II, Fic. x3) about the principal axes are . 2% 


a=10-418, b=10-69 A, aoe M 


‘These give the axial ratio a: b : c=o- 973: I: 1:236 which is in good 
agreement with that given above. Ct 

The list of reflecting planes in the crystal with their approximate 
rélative intensities is given in Tables III and IV which show that the 
planes (hol) are halved when h is odd and (o10) is also halved. The 
crystal, therefore, belongs to the space group C8, which requires four 
asymmetric molecules in the unit cell. The number of imoleculés 
calculated from the dimensions of the unit cell and the density “of 
the’ crystal which was found to be 1-527, is 8 (accurately 8-x1). This 
leads to the conclusion that two molecules of m-nitrobenzoic acid associate : 
together to forin one asytnmetric unit present in the unit cell. - 

A remarkable feature of the oscillation photographs about a~and ¢ 


axes g iis ti that the ittensities of spots corresponding to (hkl). planes was very ; 
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‘* ¢ Pirate IT. 
Rotation photographs of m-nitrobenzoic acid. 


Fic. 1, 


a-axis 
=5790 cm. 


FIG. 2. 


b-axis 
D=4'00 cm. 


FIG. 3 


c-axis 
D=g00 cm, 
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PLATE I... 


Rotation photographs of o-nitrobenzoic acid. 
° 


Fic, 3. 


c-axis 
D=3'60 cm. 
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different from that of (hkl), although the angle 8 is equal to o91°-117’. 
This is usually not observed in monoclinic crystals in which the angle 
differs slightly from 90°. . 
A note on the results of this crystal (Current Sci., 1938, 6,44 was 
published by one of the authors (V. C. T.) in which through mistake the 
number of molecules in the unit cell has been given incorrectly as 4. 


p-Nitrobenzoic Acid. 


The crystals of the substance have been found to develop the followirg 
faces : : 


c(oor), 1(10z), p(zox), a(z00), g(orrt) and w(rr1). 
They belong to the monoclinic prismatic class and the axial ratio fourd 
by crystallographic measurements is 
a:b: c=2°5615 : 1 : 4'2314 and B=96°'38 (cf. Groth, ibid., p. 477). 


TaBie I. 
Axial planes, Prism planes 
, oki. hol. hko. hko. (contc.). 
ool «VS. o1r v.s.' OL s. IIo oS 110 8. 
002 WW. o12 m 102s W. 0020S om. 120 ml. S. 
colo W.m. O02 w. 20 m.S. I30 s. 130 v.S. 
020s. 03 V.We jor om. 140 «LS. 140 mi. s, 2. 
030 «11.S,8 O1l vV.S. lors. Iso W 150 Vv. Ww. 
040s. 012. 102 ow. 210m. S 210 m. s. 
1900-=C«*«. SS, S) 02I—ssa 20k W.-M, 220° ¢. Ro m, s. 
200 & 022°. 202 «om. 230 4wW.m. 230 nL. s., 1. 
300 Ss 03t . m.s. gor W-m. «= 240s Wa mm. 240 > Wem. 
032 m. S. 260 W. gut. 310 m. 
“oar ows. 310 - m.S.,m. 320 m. 
042 W.m. 320. 330 We 
oslo 3302 Ww. m. 340. om. 
0522s . 340 «om, 
o6r = =w.m.. 410 
ic W. 
062 m, 4 
o7r ow. 


072 Ow We 
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: Tape II.” 
General planes 
my w: 122 m. ail W. _ 222 W. Mm. 3xx m. 372 m, 
12I m. _ If Ss. 22I V.W. 23I m. Ss. 311 m. 3II- V. We 
"322 m. 8. 132 W. mi. 23r m. 232 Ww. 3al we ar w. 
131 w.m, I4l V.S.,8. 212 m.s. 24 W. m, 33 W.. 331 we 
~ {II m.s.,m. 142 W.m. 221 m. 242 tm. 8. 34I m. s. 441 ms. 
“yar m. s,m. 143 W.m 222 Ww. m. 243 W 351 Ww. 43r w.m. 
122 W.. I5I m, Ss. 231 S. 251 Ww. 3II w. 442 m, s 
131 m. 152 m1. 8. 232 Ww. In. 252 m. 321 m. 442 m. s. 
132 m. 161 Ww. 24r Ww. m. 261 m. 331 W. 451 m1. S. 
14r m. 162 Ww. m. 242 Wim. «= _ 272 W. Mm, 332 W. 
142 W. om. I7I Vv. W. 251 Ww. m. 282°m. s. 341 m1. s. 
152 m. 172 W. m. 252 w. giz m. 342 V. W. 
162 1, S. ” at w.. 26a Ww. m. 231 w. m. 351 W. mm. 
IIx m. 8. 112 m. ar m. Le 361 Ww. m. 
113 W. m, “yaIW.t, 9-212 W. L,I, 372 W. m. 
aI a. _131 W... 221 ms. 
e = 
“Tasie TIT. © 
Axial planes. Prism planes 
okl,, okl. (contd.) hol, hko, 
oor w. im, ol w.m., ‘ 036 m, 20 m.s 120 W. 
002 Ww. m1. 012 V.W. o4z m. 202 V.W. 130 Ss. 
003 -W.., Ww. 013. «W. t., . = 042, W. m. 203 S. 140 W 
004" We o14 Ww. m. 043 «W..,M. 204 MLS. m. 210 M.S. 
005 W. O15 Ww. 044 w. 205 w. 220 v.W. 
006 Ww. oI7 wm. osI w.m. 206 wim. 230 m. 
007 V Ww. oar Ww. it. 052 Ww. 20I V.S. 240 W. IL 
020 -W. mm. 022 MS 053 W. ml. 202 & 3I0 Vv. Ww. 


Axial planes. 

040 m. 

200 m. 

400 w.m. 
III y.S- 134 
112m. 135 
113 8. 136 
114m. 14 
116 w. m. 142 
III w. 143 
112 m.S. 15X 
113 W.m.,m. 52 
14 W.m. 153 
115 15r 
116 w.m. 152 
I2I v.S 153 
122 5. 
123m. 
124 @. 


SPACE GROUP OF 


THE CRYSTALS .OF NITROBENZOIC ACIDS 5€1 


TABLE 13! (contd:), 


Prism planes 
_.okl. hole hko. 
023 m.,m. s, : 203 W. Is 320 W. Mm. 
024 Ww. "205 m.8. 330 Ww. 
026 V. We 206 Ww, m. 340 Ww. ; 
027 Ww. 40l We, we Mx 420 WwW. 
031 wfim., m ~ 402 m.. 430 Ww. 
e 032 ‘w. 403 mx 440 ™., W. tm. 
033. w. - 404 Wat, 530 Ww. 
034 W. tL, UR. ~~ 40l my . 
035 W. im. (402, Me By - 
054 W. 403 m1. S.,-™. 
. . TABLE IV. 
General planes. 
w. 224 M.S. 31% S48 4II m.s., mM 
m. s., m. 227 W.m. 312 V.S.,5. 412m. 
v. Ww. 22 V.W. 313 & 413m. 
Vv. W. 222 w.m. 314 m.S.,m. 414 m. 
w.m. 223 w.il. 315 w. 4Il w. m. 
w.m. 224 m. 31I_ S. 412, Ww. m. 
w. : 225 w.™. 313 m. ‘ 413. m. 
v.w. 23i m. 314 ws m. 415 m. 
Vv. W. 233° W. He 315 w. m1. 42I w.m. 
I ov. W. 234 Vv. 316 w. m. 422 m.8., m1. 
w.m 235 W.™. 324 Vv. W. 423 «m. 
Ww. W.: 236 v we 325 vow. 424 WwW. 
231 m. 321 Ww. m. _ 425 Wem. 
L932 v.W, = 328 Vv. We " 426 Ww. 
234 w. 323 m. gat Ww. mH. 
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125 w., Vv. W 
127 Ww. 
I2I w.m. 
“122 w. 
“124 m. 
127 Ww. , 
132m. 
reek FQ ids 
133 m. ate 
, é 
134 W.m.,m 
135 w. tm. 
136 Ww. 
I3I m. 
132 w. 
a 


Axial planes. 
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200 V.5. 
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600 w. m. 


2Ir 
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air" 
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213 
214 
215, 
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221 
222 


223 


oIr 
oI2 
Or3 
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oI7 
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General planes, 


m. S., Mm. : 2 
“2 24t v.w.’ 324 w m. 
v.S. “ 
243° «V. Ww. 333. «Ww. 
v.&., S. ’ 
245 V.W. 334 ml. 
w.m: . 
ki .. 335- Ve W. 
Ww: t., m. 241 V.w.° Bs 
as 33I Vv. Ww. 
m.’s., m. 242 m. Pi 
he 332 Ww. ml. 
wem - 243 Wem. °¢ . 
7 34, w. mi. 
w. mm; 251 V.W. ; 
5 . - 342 _ Vv. Ww. 
m. * 252 Vew. * | 
= ,, 343° W- 
m., m; s. 253 «WwW. Mm. ~ . 
- 344 Ww. m. 
wet. apa 
345 Ww. m. 
Ww: et 
34I m. Ss. 
m. _ 
342 Vv. Ww. 51 
Ss. be Pabst 
“+ -t=s" = 343° V. We 513 
m. Ss, 
, 2.135% Ve Ww. 511 
ah he <3 533 
3 Gr S88 _ Sak, 
q ite 522 
es » 53r 
_, Taste Vir : 
tis m_ planes 
okt “hol. bol. 
2 7 3 4 
w. ml, “ 202 V.S. ts = 
: , 404 8. / -. 
w.m. 2o{ro) m.s. 3 es 
; Fen 406 W.. 
w.m.,m. 202-m., w. m. _ 
SEs aa! > 408 w.m., m 
Vv. 8,8. _ 204 W.™. 
awk Ls 604. w. m. 
w. -206 W. Tey mM. 
BR St tg eh oe 600 
v. We 2070 Me _ —{ Wall. 


3- W., V. We. 


422, 

425 
431 
432 
433 
434 
435 
43 
432 
433 


Ww, m. 
™m., W. m. 
w.m, 


W. In, 


w. m2, 
Ww oin, 
we 

442 W.m., W. 
443m. 

Ww. 


Vv. WwW. 


w. 


ae ce 


ve Ww. 


; We 


Se 
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Ww. ih, 
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Axial planes. Prism planes. 
okl. hol 
022 w. ~ 402 m. - 520 w. im. 
604 m. 
o24e m.,W.m. 404 m. s. a 
606 m. 
025 Ww. m. 408 w = 
026 w.m. 402 w.m. ss 
o2{10) w.m. 
Tasre VI. 
General planes, 

113 W.mM., m- - rar S& 2II m. 223 m. 31 W.m., mM. 417 w. m., m1. 
4w.m. 12058, 212 w. 224 Ww. m. 315 mn. 412 m. 
iD m.S.,8. 122 M.S, 213 m. 425 W.m. 317 Ww. mm, 413 V. w. 
116 w. m. 124 m.s. als w.m. 226 w.m. 318 w. m. 415 Vv. Ww. 
117m 125 W, 2x7 m. s. 227 W..,™. 319 Ww. 416 V. w. 

118 m. 126 w.m. aig Vv. w. 228 m.s.,™m. 313 m. s, 417 m. 
1lio) ve Ww. 129 W. QII m. s. 229 1S. 314 V. S. 412 w. 
173 1m. 212 Ww 315 m0. 413 w. 
114 Ww. m. 213 V. Ss. 316 m. s. 416 w. 
Us VS. 215 W. 317 M.S.,$.9 417 W.m., ma. 
W7V Ss. 216 m. s. 319 w. 42t m. 
118 w. m. 217 W. m., Mm. 322 WwW. m. 424 w,m. 
119 m, S., S. 218 w. m. 324 m. 42I V: Ww. 
r2i Ww. 219 m s.,m. 326 .. 
122 W.m., Mm. 22I Ww. m. 328 w. 
123 W. 222 Ww. 322 W. m. 
124 W 226 w.m. s 323 Ww. _ 
126 w. 227 W. 324 Ww. m. 

221 Ww. m. 326 W. m., m. 

222 ™m., m. §. 327 m, 


Tassie V,-(contd.). 
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; - Tape VI (contd): - es, 


a, General planes. %i is 
5Ir WwW. m. ‘ 61rw. > 
(oe gram. on ere 
. 513 W. 61i-w m, ; 
: 517 w. : 613 Ww. ¢ 
a a = Mel : 
. SII w. m., m. . 615 Vv. w. : ’ 
° 512 10. 8. 6x7 w. : 
513 w. 
515 Ww. 
. 519 m. 3. 
: §2I w. : 
- om - 
: 522 V. W. 2 oR ; oe eee 
ne 524 wm. : e- Be Se Ngee ae ake Saat 


-Thelengths: of the axes detéimined fromthe rotation’ photographs 
(Plate III, Fic. 1--3) about a, b and: ¢ axes are a=12'95 8; = = 5°04. A, 
c= an'gx &. ; ~ ace ee, 

* These’ give the axial ation a:b:c=2 ay i: 4° 229 which “is in " good 
agieément with that mentioned above. 

> Lhe list of reflecting planes observed in the crystal with theit approxi- 
mate relative intensities is given in Tables V and: VI. gore 

It will be seen from these that pianes (hol) are halved when either h. or 
lor (h+1) i is odd and (oto) is also halved. This shows that the ¢rystal_ 
belongs to the’ space group C, which requires four asymmetric moleciles in ° 
in the unit cell. ‘The number of molecules in the unit cell calculated from” 
its dimensions and the density of the crystals which was found to be 1’61, is’ 
8 (accurately 8°03). This again leads to the conclusions that two molecules: 
of p-nitrobenzoic acidtassociate together to form -qne asymmetric unit pre- 
sent in the unit cell. 

The association of moiecules in the unit cell observed i in the ease of m- 
and p-nitrobenzoic acids is not an improbability and has been observed’ in' 
several cases by previous workers (cf. Caspari, Phil. Mag., 1927, 4, 1276; 
Prasad, D’Souza and Shanker, J. Univ. Bombay, 1936 ; Banerjee. Proc. Ind, , 
Sci. Cong..-1937)- 
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Rotation photographs df p-nitroabenzoic acid. 


Fic. 1. 


a-axis 
D=4'00 cm. 


> 


LS 
* ee Se 
AMEE ACerS ag Ot a 


FG, 2 


b-axis 
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er SYNTHETICAL EXPERIMENTS: ‘IN THE "GROUP OF 
oP) Nias “ SSYMPATHOMIMETICS: PART I. 


* #0 +) « THE NAPHTHALENE SERIES. © :. 
Oe Pee 3” By S RAJAGOPALAN. 


oA umber. of substituted 8-naphthylethylamines ‘possessing the requisite stractre 
necessary for sympathomimetic ac activity has been synthesised. tote ot 


: Symbathommetic amines es have, in recent . years, found extensive ase 

- in clinidal praétice. Though Madinaveitia (Bull. ‘Soc. ‘chim. -» 1919, 25, Sor ; 

“Anal. fis. quim., 1920, 18,'66) has observed. that the mere substitution or ‘he 
naphthalene” ring for” the plienyl group in such bodies ‘augments ‘their 
physiological activity by over forty times, only a few’ sympathomimetics 
derived from naphthalene ; have been investigated. it was, thérefore, consider- 
ed ifteresting to study substituteé B- -naphthyléthylamines: and compare their 
Physiological activity with the corresponding benzene analogues. 


“In the present corimunication the following compounds possessing the 
requisite.structure for sy mpathomimetic apay have been Prepared : 


R'CH(OH)'CH,'NH,HC] © = Se (OH)'CH,’NH,,ECI 
(, R=a-or B-naphthyl-) es ea, : wer “OO R=a-naphthyl-) 
R,CO' CHE NC-Hie, HCI Py o _ Ry CO‘CHs NH 'CH,'CH.R, 
(a, R= p-methoxynaphthyl- ‘av, Re p- hydroxynaphthyl-; 

ie ae “or 5-acenaphthyl-) R= 3: 4- -dibydroxyphenyl- )- 


p- yaceny sa -anincacetoneplittiorie hydrochloride (Madinaveitia, lec. 
cit.) and B-naphthylethylamine (Meyer -et al., Ber., 1922, 55, 1885) have 
now been synthesised in good yields by easier methods. 


Numerous attempts have been made -to’ prepare p- hydfoxynaphthyl- 
ethylamine. ‘The experimenits to condense either B: ethoxyethylamine or 
B-aminoethdnol with «-naphthol under a variety of -conditions have not 

-been successful. In view’ of ‘the fact that substituted glycyl chlorides cre 
known to react readily with a- naphtholmethy] ether i in’ presence of anhydrous 
- aluminium chloride (Dey and Rajagopalan, Proc. Nat. ‘Inst: Science India, 
1940, 6, 135) a detailed investigation has been made to bring about a Friedel-’ 
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Craft reaction between e-naphthoi methyl ether and N-benzoyl-, naphthoyi- 
or benzenesulphonyl-8-bromoethylamides. While in nitrobenzene solution 
the naphthol ether is found to undergo the Scholl reaction (Ber., 1922, 
55, 109) giving 4:4/-dimethoxydinaphthyl, the reactants are recovered 
unchanged when petroleum ether is used as diluent.. Owing to the low 
yields of the intermediates, the preparation of the desired amine from 
p-ethoxybromonaphthalene, via the related ethyl bromide, had to be aban- 
doned. 

The synthesis of a 3:4-dihydroxynaphthylethylamine has been precluded 
“by low yields of 3:4-dimethoxy-N-benz»yl-w-aininoacetonaphthone, obtained 
by condensing hippuryl chloride with 1:2-dimethoxynaphthalene. The 
attempt to bring about a Hoesch reaction between 1:2-dimethoxynaphthalene 
and chloroacetonitrile, gives very poor yields. Morgan ahd Vining (J. Chem. 
Soc., 1921, 119, 177) also experienced difficulty in substituting 1:2-dibydroxy- 
naphthalene due to strong steric hindrance. 

While experiments towards synthesis of diketones of the types 
(R’CO’CH,),NH and (RCO’CH,NH).CH, (R=C,,.H;) have been fruitless, 
it has been possible to prepare compounds (II) and (IV). 

The examination of the physiological activity of these products is in 
progress. 


EXPERIMENTAL. 


: B-Hydroxy- B -naphthyl- x -ethylamine Hydrochloride —N-Acety1-6-hy- 
’ droxy-8-naphthyl-1-ethylamine (2.5 g.}, prepared by the method of Pictet and 
Manevitch (Argh. Sci. Phys. Nat, 1913, iv, 35, 40), was hydrolysed by 
refluxing with hydrochloric acid (1:3, 50 c.c.) for 2 hours After filtering, 
the clear liquid was evaporated to dryness ata moderate temperature. The 
hydrochloride (x°8 g.) was crystallised from a mixture of alcohol and ether 
in colourless needles, m.p. 156-57°. (Found : N, 6'5. Cy,H,,ONCI requires 
N, 6°26 per cent). The picrate was yellow crystalline powder from water, 
decomposing at 185°. (Found: N, 13°28. CisHieOsNa requires N, 13°74 
per cent). . ‘ 
B-Hydioxy-B-naphthyl-2-ethylamine hydrochloride was obtained- by 
similar hydrolysis. of N-acetyl-8-hydroxy-8-naphthyl-2-ethylamine, synthe- 
sised by Dey and Rajagopalan (loc. cit.) from B-acetonaphthoue. It was’: 
obtained as colourless plates from alcohol-ether, decomposing at 180-83°. 
(Found : N, 6°40. Cy2H,,ONCI requires N, 6°26 per cent). The picrate was 
obtained as a yellow powder from alcohol, decomposing at 191-92°. 
(Found : N, 13°52 CisH,OsN, requires N, 13°74 per cent). 
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4-Methoxy-w-piperidinoacetonaphtRone Hydrochloride.—A mixture of 
” p-methoxy-w-iodoacetonaphthone (5 g.), prepared according to Dey and Raja- 
gopalan (loc. cit.) and piperidine (2°6 c.c.) in dry benzene (60 c.c.), was 
refluxed for x hour, cooled and poured into water. ‘The benzene layer was 
washed thoroughly,e dried ahd the hydrochloride isolated by passing in a 
stream of dry hydrogen chloride. It ecrystalised from alcohol-ether in 
colourless needles, decomposing at 233-34°. (Found: N, 4°27; Cl, 11°28. 
C,,H;,0.NCI requires N, 4°38 ; Cl, x1°12 per cent). The picraie was obtained 
as stout golden-yellow rods irom acetic acid, decomposing at 
150°. (Found: N, 11°20. CosHz,0,N, requires N, 11°32 per cent) Attempt 
to prepare the corresponding 4-hydroxy compound by demethylation with 
hydrochloric acid in a sealed tube gave rise only to non-basic tarry material. 

w-Amino-5-aceloacenaphthone —-w-Iodacetoacenaphthone, prepared from 
known chloroketone (Meyer and Keufmann, Bér., 1920, 58, 295) and sodium 
iodide in acetone, crystallised as colourless plates from alcohol, m.p. 112-14°. 
(Found : I, 38°8z. C,,Hi,OI requires I, 39°44 per cent). A mixture of 
equimolecular quantities of w-iodo-acenaphthone and urotrophine in chloro- 
form on standing overnight furnished quantitatively the addition compound, 
m.p. 160°. (Found: N, 11°42. CooHzsON,J requires: N, 12°13 per cent). 
Hydrolysis of the addition compound with alocoholic hydrochloric acid 
(Mannich and Hahn, Ber., 1911, 44%, 1542) gave-the unstable base hydro- 
chloride, which was characterised as the picrate as yellow powder from 
alcohol, decomposing at 147-50° (Found: N, 12°60. CooHicOsN, requires 
N, 12°73 per cent). ° 

w-Piperidino-5-acetoacenaphthone hydrochloride, obtained by interaction 
of w-iodo-5 acetoacenaphthone and piperidine, separated as colgurless needles 
from alcohol-ether, decomposing at 235 7°. (Found: N, 4°28: Cl, 10°22. 
C1 5H.2,ONCI requires N, 4°44 ; Cl, 11°25 per cent). The picrate was obtained 
as yellow plates from acetic acid decomposing at 152°. (Found : N, rr‘vz. 
C.sH2sOsN, requires N, 11-05 per cerit). 

4-Hydioxy-w-aminoacetonaphthone Hydiochlodde: —4-Methoxynaphth- 
acylphthalimide (1-25 g.) (Dey and Rajagopalan, loc. cit.) was heated with 
concentrated hydrochloric acid (4¢.c.) in a sealed tube for 4 hours at 160-70°: 
The reaction product crystallised from alcohol-ether in colourless plates, 
m.p. 154-5°. The picrate melted at 186-87° (Dey and Rajagopalan, loc. cit.). 
Alternate methods were found to consist in similar hydrolysis of -4-methoxy- 

Y-acetyl- or N-benzoyl-w-aminoacetonaphthone (Dey and Rajagopalan; 

loc. cit.). 

4-Methoxy-N-acetyl-B-hydroxy-B-naphthylethylamine, obtained by the 
reduction of 4-methoxy - N - acetyl - « - aminoacetonaphthone with sodium 
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»amaigam,. separated, from - toluene’ in colourless, prismatic needies, . m.p. 
155-62, (Found : .C, 70°05 H,. 6°54. CysHy,0,N requires. C,. 69'5.; H, 
6 56 per, cent). _ Attempts to hydrolyse the -N acetyl | or N- benzogl See 

to p- hydroxy -B- hydroxy- -B-naphthylethylamine were unsuccessful... --,- 4'* 5; ‘ 


Be Mesniioiahaleniin’ Hydrochloride: (i) B-Naphthylethylphthalimide 
‘was obtained by refluxing an alcoholic solution of 8: -naphthylethyl bromide 
:with potassium phthalimide at .100° for § hours as colourless, prismatic 
“néedles from alcohol, m.p. 143°. (Found: N, 4 "56. CooH,50.N requifes 
"N, 4°65 per cent). - (ii) Hydrolysis of , the phthalimide derivative with 
‘concentratéd . ‘hydrochloric ‘ acid in a sales tube gave 60% ‘yield’ of 
the: hydrochloride, decomposing at” 244 “45°. (cf. Meyer et al. 5 ; loc. cit.). - 


: N-o-Naphthoyl-f- ba emoethylamide. ceolontiews. plates Cou: betedé 
petroleiu ‘ether, m.p. 94°, (Found: N, 5‘10. CisHi,ONBr requires N, 5"04 
per cent) and N-benzenesulphonyi-B- bromoethylamide, m.p. 58°. (Found : 
N, 5°18. CsH,.0,NBrS requires N, 5°30 per cent) we1e prepared by the 
action of the corresponding acid chlorides on 6- biomo- ethyiamine hydrobro- 
mide in the presence of sodiuia carbonate solution. 


43 4{-Dimethoxydinaphthyl. —To- a-well-cooled solution of anhydrous 
aluminium chloride (45-g.) in dry nitrobenzene (7'5 c.c.), were, successively 
added o-naphthol methyl ether (5 g.) and. N- -benzoyl-B- bromoethylamide 
(7 .) with constant . agitation. After: standing overnight: and decom; 
position with ice and dilute hydrochloric acid the dimethoxydinaphthy] 
(3°6 g.) was filtered, washed with water, dilute alkali, . acetic acid and 
crystallised from nitrobenzene in colourless rectangular plates, mp; 254- 55°. 
The same product was obtained even in the absence of N- -benzoy}-8-bromo- 
ethylamide. “The mixed m.p. of this specimen with an authentic sample 
of 4: 4/-dimethoxydinaphthyl (Ostermeyer_ and . Renhek, Ber. ,» 1889,--47, 
2454) was ngt depressed. . : 


Eureenants towards the Southests ae. p- _Hydronynaphih ylethylamine: 
@:4- -Ethoxy- B-naphthylethyl alcohol “was obtained by -the action of 
ethylene noxide (18°5 c.c.) in ether on a Grignard reagent from p-ethoxy- 
bromonaphthalene (70 g.), magnesium:(7 g.)' and a mixture of dry ether 
(400°c.c.) and dry benzene (roo c.c.) and purified by distillation as’ colourléss 
oil (22 g.), bap. 178-86°/2-3 mm. The piciate was obtained as brilliant 
red needles, m.p. 104-5°. (Found: N, 9°14. CocHisQ,Ns requires N, 9°44 
per cent). (it) 4-Ethoxynaphthyiethy!. bromide, prepared by the action 
of phosphorus tribromide on the alcohol at room temperature, was converted 
into 4:ethoxy- -B- naphthylethyl, phthalimide in,poor yieldsin the usual way 
and obtained as colourless - needles from alcohol, m.p. 175°. (Found; 
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N, 4 oy. CH ON" requires N, 4 “ob per’ cent). (iii) Urotropine reactec 
with the ‘ethy?:bromide to give also-a poor yield of the addition compounc 
as colourless, amorphous powder, decomposing at neo pound : ‘ra’ "74 

CooH.7ON.Brrequires N, 13°37 per cént). - 

3: 4-Dimethoxy,N-benzoyl-w piiesencelonaphinans -—To a mixture 
of..1': 2-dimethoxynaphthalene .(6°3 -g.) and hippuryl chloride (8 g.) ir 
carbon disulphide.(4o0 c.c.) was-gradually added finely powdered anhydrous 
aluminium chloride (6g.) ‘The mixture, after. heating on the water-batk 
for 2 hours,. standing’ overnight and working up in the usual way, -yieldec 
the ketone /o’8 g.) in colourless, hair-like needles from acetone, mp. 261-2°. 
(Found :'N,; 4°10 C2,:H.3;0,N requires N, 4°08 per cent). - 

N- p- Hydroxynaphthacyl- 3 : 4-dihydroxyphenylethylamine hydrochlo- 
ride.—N-Benzenesulphonylhomoveratrylamide separated from alcohol ‘as 
colourless, prismatic needles, m. p. 89°.:.(Fofind: N,.4°79. CisH1.02.NS 
requires N, 4 81 per cent). To the sodium salt of the above amide in alcohol 
(So cc.) 4-methoxy: ‘w-iodoacetonaphthone (4 g.) was added and the mixture 
refluxed on the water-bath for 4 hours. Phe crude _4-methoxynaphthacyt 
derivative (4g.) purified through an ethereal solution,’ was héated in‘a sealed~ 
tube with concentrated hydrochloric acid (15 c.c.) for 5 hours at 170-80". e 
The aqueous solution of the hydrdchlotide (Norit) was.. evaporatéd’ ix 
vacuum over sulphuric acid. It separated as colourless needles (0°8 g.) from 
alcohol-ether, decomposing at over 180°. (Found: N, 3°55. CooH2.0,NG 
requires N, 3°75 per cent). ‘The picrate was obtained as orange-red needles 
from water, decomposing at 189-91°. (Found: N, 9°82 CoeH.20.,Ny 
requires N, 9°89 per cent). 

N-Benzenesulphonyl-w-amino-o-acetonaphthone was obtained as colour 
less needles from acetic acid,.m.p.121°. (Found: N, 4°28. C,,;Hi;0:;N3 
requires N, 4°31 per cent). N-Benzenesulphonyl-w-amino-B-acetonaphthone, 
obtained as colourless, prismatic needles from acetic acid, melted at 165% 
(Found : N, 4°24. CisH1;03NS requires N, 4°3z per cent). 

4-Methoxy-w-aminoacetonaphthone Hydrochloride’ —Hydrolysis of the 
N-acetyl derivative with dilute lydrochloric acid gave in quantity the 
hydrochloride in colourless needles from water decomposing at 204°. 
(Found : N, 3°15. CisHy,O,.NCI requires N, 3°4r percent). The picrate, 
golden yellow plates from alcohol, decomposes at 191°. (Found : N, 12.7€. 
Cy.HicOoN, requires N, 12°82 per cent). N-Benzenesulphonyl derivative, 
obtained as colourless needles from acetic acid, melts at 147°. (Found: 
N, 3°80. CisH,,O.NS requires N, 3°94 per cent). 

N--1-Naphthylethyl-benzenesulphonylhomoveratryi amide, obtained 
by treating 8-1-naphthylethyl bromide with the sodium salt of benzene- 
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sulphonylhomoveratryl amide in alcehol solution, separated as colourless, 
rectangular plates, m.p. 82-83°. (Found: N, 2°96. CasH2,0,NS requires 
N, 2°95 per cent). 

8:8-1:1'-Dinaphthyl-B-hydroxyethylamine Hydrochloride. —A Grignard 
reagent from f-bromonaphthalene (gr g.), magnesium (8°5 g.) and ether 
(35 c.c.) was treated with w-amino-a-acetonaphthone hydrochloride (12°8 g.) 
in the course of ro minutes, the mixture gently boiled for 2 hours 
on the water-bath after standing at room temperature for x hour and 
then decomposed with cold dilute hydrochloric acid. ‘The hydrochloride 
(9.52) was filtered and washed with ether. It was obtained as colour- 
less prismatic needles from alcohol, decomposing at 260°. (Found: 
N, 4°02; Cl, 8'99. Co2H2.ONCI requires N, 3°99; Cl, x0°x3 per cent). 
The picrate, shining yellow needles or plates from acetic acid, decomposes 
at 168°. (Found: ‘N, 10°69. *CosH2.03sN4 requires N, 10°3r per cent). 


The author’s grateful thanks are due to Dr. P. C. Guha and 
Dr. B. B, Dey for their keen interest in this work, and to the Government 
of Madras for the award of a scholarship. 
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SYNTHESIS OF 3-(p-HYDROXYPHENYL)-CYCLOHEXANONE 


By D. K. BANneRjEE. 


A synthesis of 3-(p-hydroxyphenyl)-cyclohexanone, which consists of a hydrogenated 
diphenyl nucleus, has been described. The above ketone was expected to be oestrogen= 
cally active, but experimental results according to Allen-Doisy test were found to b> 
negative up to the maximum dose of 8 mg. 


In course of an investigation on the possible oestrus-producing 
activity of synthetic substances (Cook et al., Proc. Roy. Soc-, 1934 
114B, 272, 286), made the important discovery that the oestrogenie 
activity is extraordinarily unspecific and that the oestrus change can be 
induced by numerous substances bearing little resemblance to the hormone 
itself. In their earlier investigations, one of the simplest substances te 
be found oestrogenically active was 1-keto-x : 2:3 : 4-tetrahydrophenan- 
threne (Naturwiss., 1933, 24, 222; Nature, 1933, 181, 56, 205) and the firs: 
active compound, in which the phenanthrene nucleus was absent was found ta 
be x: 2-dihydroxy-1 : 2-di-«-naphthylacenaphthene (Nature, 1936, 187, 996) 
Simpler molecules were then studied and substances such as 4:4!-dihydroxy 
diphenyl, p-hydroxypropenylbenzene (Dodds and Lawson, Nature, 1937 
139, 627, 1068 et seg.) were also found to possess oestrogenicactivity. From. 
consideration of the above it seemed to be of interest to investigate the 
physiological property of the ketone (I). 


CH, 
CH. CH, ‘ 
CH co 
Y\7 \ 7 
| CH, 
nl) 
(I) 


The ‘ present communication deals with a method for the synthesis of 
the above ketone. Ethyl y-anisoylbutyrate (IT) has been treated with zinc 


6 
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and ethyl bromoacetate in benzetie solution to yield the lactone of 
zt-carbethoxy-2- ( p-methoxypheny]l ) - 2 - hydroxypentane-s-carboxylic acid 
(III). §-(b-Methoxyphenyl)-pimelic acid (IV) is obtained by reducing 
the above lactone with zinc dust and 10% sodium hydroxide solution. Both 
the ethyl and methyl esters of the dibasic acid (IV} are cyclised by 
means of sodium in benzene solution. ‘The resulting crude f§-ketonic ester, 
which,, however, could not be distilled without decomposition in vacuum, 
yields on hydrolysis with 20% sulphuric acid 3-(p-methoxyphenyl)-cyclo- 
hexanone (V). 3-( p-Hydroxyphenyl )-cyclohexanone (I) is obtained by 
demethylation of the above methoxyketone with hydrobromic acid. 


CH, CH, 
i . fo 
CH,  CH,.'CO,Et : CH, CH. 
41 
R—CO +Br°CH,'CO,Et—> R—C—O—CO 
CH,'CO,Et 
(II) (111) 

CH, CH, CH. 
HX fe a 
i CH, CH: CH—CO.Et CH, Hs 

: | 
R—CH- CO,R' R—CH CO or R—-CH CO 
> oe NS 

CH. CH, o 

COR! CO.Et 

CH, 

(R'=H,Me, Et) JX 

: CH, CH, 
(Iv) —~ | | —> (I) 
R—CH 

Ses 

CH, 

(V) 


OT. 
| in the above formula 
; R=  weo 
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The above compound is found in the Allen-Doisy test to be im- 
active up tothe dose of 8 mg., when injected into castrated mice. In this 
connection, however, the work of Butenandt and Schramm (Ber., 1935 
68, 2083, 2303), who prepared the_7-hydroxy derivative of 1-keto-1:2 : 3: 4- 
tetrahydrophenanthrene, may be meutioned. ‘I‘heir ketone is also found 
inactive in the Allen-Doisy test up to 9 mg. 


ExPERIMENTAL. 


Ethyl y-Anisoylbutyrate (II).—y-Anisoylbutyric acid was prepared by 
modifying the method of Plant and Tomlinson (J. Chem. Soc., 1935, 856) 
To an ice-cold solution of finely powdered dry aluminium chloride (7o g.) ix 
dry nitrobenzene (250 c.c.), was added dropwise with constant shaking a mix- 
ture of glutaric anhydride (30 g.-) and anisole (30 g.). The thick rec 
coloured mass was allowed to stand at the room temperature for 48 hours, 
and then decomposed with ice and hydrochloric acid. Nitrobenzene-was 
removed by steam distillation, when y-anisoylglutaric acid separated in fine 
crystals on cooling and was filtered off. The crude product was purified br 
dissolving in sodium bicarbonate solution and acidification. The acid (50 ¢4 
was reuxed with a mixture of ethyl alcohol (200 c.c.) and sulphuric acid 
(d'1°84, 12 ¢.c ) for 6 hours on a boiling water-bath.. The ester was isolated 
in the usual manner, when it boiled at 193-95°/5-6mm., as a colourless liquid, 
which quickly solidified and on crystallisation from ethyl alcohol separated 
in white needles, m.p. 59-60°. (Found: C, 67.1; H, 7°08. CyHisO, 
requires C, 67°2; H, 7'2percent), The semicarbazone onecrystallisation 
from ethyl alcohol melted at r20-21°. (Found: N, 13°66. C,;H2,0,N; 
requires N, 13°68 per cent). . 

Lactone of x1-Car bethoxy-2-(p-methoxyphenyl)-2-hydroxypentane-5-car- 
boxylic Acid (IM)~The keto-ester (II) (42 g.), ethyl, bromoacetate (42 g., 
15 mols) and zinc wool (21 g.) in dry benzene (120 c.c.) were taken in < 
flask provided with an efficient reflux condenser and heated on a water-bath, 
with the addition of a crystal of iodine. The reaction started after abou: 
4 Hour and grew vigorous, when it was necessary to remove the flask 
from the water-bath., After the vigorous reaction had subsided, the flask was 
feplaced on the water-bath and the heating was continued for further 2 hours. 
The reaction mixture was cooled and decomposed with ice and dilute sulphuric 
acid. “The benzene layer was washed with water and then extracted witk 
10% sodium carbonate solution, in which the 8-lactone dissolved freel= 
in the cold. The alkaline solution was acidified and extracted with ether. 
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The extract was washed with water and .dried. Ether was removed and 
the lactone was distilled at 229-30°/4 mm., yield 35 g. (Found: C, 65°61; 
H, 7°15. CyeH.O; requires C, 65°75 ; H, 6°84 per cent). 
B-(p-Methoxyphenyl)-pimelic Acid (IV).—A solution of the -lactone 
(20 g.) in 10% sodium hydroxide solution (500 c.c.) was placed in.a two- 
necked flask, provided with a reflux condenser and a mercury-seaied stirring 
arrangement. Zinc dust (75 g.) was added to the solution and the contents 
were heated to boiling and mechanically stirred for 18 hours. ‘The zinc 
was filtered off and an excess of concentrated hydrochloric acid added to 
the filtrate. The white precipitate, thus obtained, was filtered off and 
redissolved in 16% sodium carbonate solution. ‘The -solution was filtered 
of from wundissoived impurities and acidified. The dibasic acid, so 
obtained, was collected, washed well with water, dried and crystallised from 
dilute ethyl alcohol, m.p. 154-56°. (Found : C, 63'22; H, 6°78. CaHisOs 
requires C, 63°15 ; H, 6°76 per cent). For the preparation of diethyl and 
dimethyl esters of the acid (IV), the following method was used. ‘The 
crude acid, obtained by acidification of the filtered alkaline solution, was 
extracted with benzene, and the benzene layer well dried over sodium 
sulphate. The residue, left after removal of benzene. was refiuxed with 
ethyl or methyl alcohol (100 c.c.) and sulphuric acid (d 1°84, ro c.c.) for 
x2 hours. On working up in the usual manner, the diethyl ester was 
coilected at 195-205°/4-5 mm. and redistiiled at 199-201°/4-5 mm., (Found : 
C, 672; H, 7°83. CisH2s6O; requires C, 67°08; H, 8'07 percent). The 
dimethyl ester was also collected at 187-95°/4-5 mm., and redis- 
tilled at r90-93°/4-5 mm. (Found: C, 65°2; H, 7°37. CisHu20s requires 
C, 65°33 H, #48 per cent). : 

3-(p- Methoxybhenyl}-cyclohexanone (V).— Dimethyl f-( p-Methoxy- 
aise. pimelate (7°3 g.) in dry benzene {25 c.c.) was refiuxed with 
sodium dust (r'z g.) until all the sodium went into solution (ca. 2 hours). 
The solution was cogled and treated with ice and dilute sulphuric acid. 
The benzene layer was separated and washed successively with dilute 
sodium bicarbonate solution and water and dried. The benzene was removed 
and on attempting to distil the oil, it was found to decompose. ‘The crude 
oil, which gave a reddish violet colouration with alcoholic ferric chloride, 
was refluxed with an excess of 20% suiphuric acid for 12 hours. The 
resulting oil was extracted with ether and the ethereal layer washed 
with water and dilute sodium bicarbonate solution, dried and the ether 
removed. The residual brown oil on distillation in vacuum solidified. 
It was crystallised from benzene-petroleum ether (40-60°), m.p. 83°. 
(Found : C, 76°28; H, 7°76. CisElreOz requires C, 76-47 ; H, 7°84 per-cent). 
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The semicarbazone of the above ketone, on crystallisation from ethyl 
alcohol, melted at 2r7-r9°. (Found: N,16’02. C,,H,,O.N, requires N. 
16°09 per cent). 

3-(b-Hydroxyphenyl)-cyclohexanone (1I).—The methoxyketone (V) 
(x°5 g.) was heated with acetic acid (23 cc.) and hydrobromic acid 
(23 ¢.c., @1'49) at 110° for 3-4 hours. The cooled solution was diluted 
with water and extracted with ether. The ethereal layer was washed with 
- water and the hydroxy-ketone was extracted by shaking it with 10% sodiun 
hydroxide-selution. After acidifying the alkaline solution, the bydroxy- 
compound was taken up in ether, the ethereal layer waslied and dried and 
the ether removed. The residue, on distillation in vacuum, . solidified tb 
a yellow crystaliine mass, m.p. 155-58°. On recy stallisation from benzen2 
it melted at 159-61°. (Found: C, 75 “69 5 a 7°28. ‘CHO; requires C, 
75°78; H, 7°36 per cent). 

My best thanks are due to Prof. P. C. Mitter for his advice ant 
the keen interest taken during the progress of ‘the work. M7 
thanks are also-due to Mr. S. K. Saha fer carrying out the micro-analys:s 
of some , yor the compounds and to Messrs I. G. Farbenindustrie, A.-G. far 
carrying out biological aay, of the hydroxyketone (I) in June 1937 
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“tHE AMYLASE ACTIVITY OF SWEET CASSAVA 
(MANIHOT PALMATA). 


By K. S. Morty. 


In view of the lack of knowledge regarding the amylolytic enzymes of tubers, the 
amylase activity of sweet cassava has been studied. The results obtained will be 
of considerable interest in the manufacture of starch from cassava. 


~ 


In view of our meagre knowledge of the amylase activity of tubers it 
was thought desirable to investigate the amylase from cassava (Manihot 
Palmata). Cassava is widely cultivated in the tropics. Its mineral require- 
ments being very low, it is particularly well adopted for cultivation on poor 
sandy soils, ‘The yield on a well irrigated land may amount to 15—16 tons 
per acre. According to the analysis of Leuscher (Offentl. Chem. 1902, 
8, 10) the fresh tuber contains water (70°25%), protein (1°12%), fat (o'41%), 
Starch (21'44%5), sugar (5°13%), crude fibre (x°11%), and ash (054%). 

There are two varieties of cassava tubers, the sweet and the bitter. 
Fiancis (Analyst, 1878, 2, 4) found o'0168% of hydrocyanic acid 
in the sweet cassava (Manihot palmata) root and 0'0275% in the 
bitter cassava (Manihot utilissima) root. Cellens (Bull. Dept. Agric., 
Trinidad and Tobago, 1915, 1%, 54) found o'0048% of hydrocyanic 
acid in the roots of the sweet variety and 00053% in the roots of 
the bitter variety. The leaves and the stems also contain hydrocyanic acid, 
The leaves ch the sweet and the bitter varieties contain 0'0162% and 
0°041% of hydrocyanic acid respectively and the pealings of the stems 
o'0437% and 0.113% respectively. : 

It will be seen from the above analysis that cassava contains a very 
high percentage of starch and very low percentage of mineral matter. It 
should, therefore, prove particularly valuable for the manufacture of starch. 


EXPERIMENTAL. 


Fresh tubers of the sweet variety were obtained direct from the fields. 
‘The thick outer skin was removed and the skinned tuber was chopped into 
very thin slices, which were dried in the sun, powdered and sieved. The 
powder could be well preserved in bottles, for considerable length of time 
without any Ceterioration. 
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. Preparation . of the Enzyme-Extract.—6o G. of the powder were ground 
into a thin paste with about four times the quantity (250 c.c.) of water. 
This was transferred into an Erlenmeyer fla8k and toluene (2-3 c.c.) was 
added to avoid bacterial action thereby preventing a fall in the activity of 
the enzyme. ‘This .was kept for 24 hours and the clear liquid above was 
decanted into a separate flask. ‘This was used for subsequent work. 

Method of Procedure.—Pure soluble starch (Schering) was used as the 
substrate. The hydrogen ion concentration of the reaction medium was 
adjusted by the addition of Sérensen’s phosphate buffers of px values 5°6 
to 8°o and Walpole’s acetate buffers for pas values 3°0 to 5.0. Enzyme 
extract was prepared (as described above) afresh for each experiment. 

The experiments were carried out in Erlenmeyer flasks. Controls 
were set up for each experiment with starch alone, without the addition of 
the enzyme. After hydrolysis, the maltose formed was estimated by the 
iodorhetric method of Willstiétter and Schiidel (Ber., 1918, 441, 780). 

Influence of Temperaturc on the Ezyme Activity.—The activity of 
the enzyme was studied at temperatures varying from-30°-70° at intervals 
of 5°. The-pz of the buffer used was 6°8. Each experiment consisted , 
of a set of two flasks (referred to in the table as I and Il). , he 


I. Enzyme and starch. I. Starch alonez 
2‘5% Starch soln. 9 C.c 2'5% Starch soln. 9 cc, 
Buffer soln. 5 cc. - Buffer soln. 5c.c. 
Enzyme extract : rec, Water _ rae, 
® 
Tasie I. 
Temp. Maltose formed in Temp. Maltose formed in 

(+0°1°). 30 minutes. (tor). go minutes 
30° 24‘o mg. 18’0 mg. 50° *24°9 mg. 210 mg. 
35° 24'0 18°8 55° 27°6 2x°2 
40° 24°9 188 60° 26°7 2r°2 
45° 24'9 20°6 70° 26°6 ar°2 


From the above results it is evident that the optimum temperature for 
the enzyme activity is about 55°. 

Influence of ba on the Enzyme Activity.—Hydrogen ion concentrations 
varying from pa 3 to 8 werestudied at intervals of about 05. The 
temperature was maintained throughout the course of the experiment at 
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30°, Controls were set up asin the previous experiment and’ 
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obtained are given in mg. of maltose formed in 30 minutes. 


pu 
3-0 
38 
4°4 
50 
5°6 


5‘9 


It is evident from the above results that the optimum fu for the enzyme 


I. 
248 mg. 
24°9 
24°9 


25-7 


25°8 
25°8 


activity is about 6’5. 
‘The author desires to express his indebtedness to Dr. G. Gopala Rao 


of the University College, Waltair, for suggesting the problem. He also~ 
thanks Dr. K. V. Giri of the Andhra University, Waltair, and Mr. P. V. 
Krishna Murty of the Andhra Medical College, Vizagapatam, for their kind 


encouragement, 


CHEMISTRY DEPARTMENT, 
ANDHRA Mrpicat COLLEGE, 
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Tasre It. 

IL. pu 
21°2 mg. 62 
212 6-5 
2x2 67 
18'0 70 
171 74 
17'2 8'o 


ie 
258 mg. 
27°5 
25'8 
25°7 
24°0 


24°0 
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18°0 mg, 


18°38 


18°8 


23°2 
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THE EFFECT OF INORGANIC COLLOIDS ON THE ELECTRO- 
DEPOSITION OF NICKEL ON COPPER. 


By V. S. Port anp G. C. Jungyja. 


A quantitative study of the effect of selenium, alumimium hydroxide, ferric Ay- 
droxide, iodine and sulphur sols on the deposition of nickel] on copper has becn made 
The first three sols cousiderably increase the hardness and lustre of the deposit, iodme 
much less and sulphur has a negative effect altogether. Explanations have been attempt- 
ed for their interesting behaviour. 


Puri and Bhatia (J. Indian Chem. Soc., 1937, 16, 71) studied the effect 
of inorganic colloids on the electrodeposition of nickel on copper. They, 
found the presence of silver and Prussian blue hydrosols in the bath solution 
to increase the lustre of the plates. Arsenious sulphide was found to heve 
an adverse effect in so far as it gave duli looking, rough and spongy depasits, 
Pring and Taiton (J. Chem. Soc., 1914, 105, 710), Wernick (Trans. Fa-a- 
day Soc., 1920, 24, 361) and Merce (Z. Elektrochem., 1913, 19, 31) 
noticed similar effects in the case of organic colloids like glue, gum, gelat_n, 
egg-albumin, etc. 

‘The present work deals with a quantitative study of the effect of sede. 
nium, sulphur, iodine, ferric hydroxide and aluminium hydroxide sols 5n 
the deposition of nickel on copper. Explanations have been attempted -or 
their interesting behaviour. 


ExPERIMENTAL 


The bath employed in the experiments was the same as used by Puri 
and Bhatia (loc. cit.) and the plates were subjected to a preliminery 
treatment in the same manner with the difference that a mixture of sal- 
phuric and nitric acids was used in the final cleaning in order to expcse 
the crystal structure and ensure a good deposit. 

The sols were rendered free of electrolytes by electrodialysis. ‘The 
dialyser was prepared in the following manner. 

A wide mouthed glass cylinder was filled ‘with collodion solution 
which was then poured out. The cylinder was rotated horizontally -ill 
the collodion remaining on the walls of the cylinder dried up. Mere 
collodion solution was poured in. A second layer was allowed to form as 
before. Collodion formed a layer on the walls of the cylinder from whith 
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it was carefully withdrawn. It was washed with distilled water. The 
sac thus obtained was partially filled with the colloid and put into another 
sac of linen of the same size. This was lowered in water containing the 
positive and negative electrodes. The driving force of the external voltage 
causes the removal of the ions of the electrolyte. , 

Selenium Sol.—Seienium dioxide (1g.) was dissolved in 500 c.c. 
of water and roo c.c. of 1% gelatin added to the warm solution. To this 
600 c.c. of hydrazine hydrate were added drop by drop. It was kept a 
little below the boiling point for 15 minutes. A pink soi was formed 
which was found to be negatively charged. 

Table I shows the effect of the sol on the electrodeposition of 
nickel. There is a slight increase in the weight of the metal deposited 
on account of a fall in the resistance of the cell. The deposit is coherent, 
fine grained and hard. e : 

Addition of 5 c.c. of the sol (o’00093 g.) resulted in the reduction 
of the number of abrasion marks. The size of the grain is also much 
reduced. 

Addition of 10 c.c. (0’00186 g.) of the sol increases the thickness of the 
deposit sufficient to cover the defects so as to cause it to take high polish. 
‘The deposit was very hard. 

On the addition of 15¢.c. of the sol (0°00279 g.) the deposit 
ceases to be coherent as the crystal size increases. This confirms the 
view that there isan upper limit of the concentration beyond which the 
deposits obtained grow dull and spongy. 

Sulphur Sol.—Sulphur dioxide was passed for 10 minutes into a satura- 
ted solution of hydrogen sulphide in water. The opaque liquid was boiled 
to remove sulphur dioxide. Sodium chloride was added to it and the 
coagulated particles were centrifuged The supernatant liquid was removed 
and the solid repeptised in water and dialysed. ‘There was a negative 
charge on the sol. 

Experiments showed that there is a wide discrepancy between the 
theoretical and the experimental values for the metal deposited. It seems 
there is a large increase in the resistance of the cell. Further the anode 
becomes black and spongy. There was no appreciable difference with 
5 c.c. and 15 c.c. of the colloid. 

Iodine Sol.—Iodine crystals were added cautiously to a 2% solution 
of sodium hydroxide until the straw yellow liquid just began to turn red. 
The unreacted iodine was removed Gum arabic (2 g.) was added at 0° 
and the mixture acidified with concentrated HCl. The colloidal iodine 
thus obtained was dialysed. The solution was negatively charged, 
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Our experiments showed that quantitatively there is no appreciable 
decrease in current density but with o’0059 g. of the sol (Fig. 1) there is 
an effect on the crystal size and all the inherent defects of the plate dis- 
appear. If the quantity of the colloid is increased to o o118, the size of 
crystal increases andthe deposit peels off easily. 


Fic. 1. 





Selenium sol. Todine sol, 


Aluminium Hydroxide Sol—A dilute solution of aluminium acetate 
(1% solution diluted twenty times) was warmed on a water-bath until the 
odour of acetic acid disappeared. The sol which resulted was very clear. 
It was carefully electrodialysed. It was positively charged. 

Like selenium there is an increase in the weight of the metal deposited. 
Addition of o’oorr44 g. and 0°00572 g. sol respectively makes the deposi: 
hard, bright, coherent and abrasion marks of the original plate disappear. 


Ferric Hydroxide Sol—-Ammonium hydroxide added drop by drog 
to ferric chloride solution (5 c.c. saturated ferric chloride folution in roc 
c.c. water) till the supernatant liquid acquired ared tinge. The precipitate 
“was repeatedly washed and then transferred to an Erlenmeyer flask. Abou- 
40 c.c. of water were then added and the mixture shaken. 5 c.c. of this 
liquid were poured into roo c.c. of water along witha few drops of N/10 
HCl. On standing an intensely red solution was obtained. It was 
electrodialysed and its charge was found to be positive. 

Ferric hydroxide resembles selenium and aluminium hydroxide in 

- its effects. The deposit becomes hard, close-grained and shining. ‘The 
effect of addition of 000862 g. and 01724 g. of the colloid has been studied. 
Small crystals became visible and brightness diminished if the quantity o: 
the sol-is allowed to reach 0°02586 g. 


. It will be seen that in all the above cases small quantities of protective 
agents are employed to stabilize the colloids. These protective agents like 
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gum arabic, gelatin, tannin, etc., will have specific effects of their own. 
_ These effects, however, were not found to be comparable to those obtained 
above when these hydrophilic colloids alone were used. Microphotographs 
taken show that these agents are not so very active in the concentrations 
employed. Further. the effects obtained are those from colloidal suspen- 
sions and not from the sols in the general sense of the "word. As the bath 
is highly electrolytic in nature, formation of such a suspension is inevitable 
but it has been observed that this suspension takes days to seitle and if 
stirring is constantly done, it sets hardly at all. That the colloids have a 
marked effect on the amount and the nature of the deposit appears to be 
beyond any doubt. The results are shown below. ~ 


? 
2 


Tasre I. 


Effect of sols on the electiodeposition of nickel on copper. 


Ni deposited. Increase or Amount of Appearance of deposit. 
Colloid. decrease colloid per 
Actual. Theoretical. in C.D. litre of 
bath soln. 
Selenium o'1246g. _  o'12458. — o’0o g. Rongh shining hard de- 


posit; variation in 
size of crystals. 


O°r177 0°1136 Tnc1ease © ©0093 Closed and fine grained 
hard shining deposit; 
abrasion marks com- 


; pletely absent. 


0°1162 O'1134 Increase 060186 Do. 
0°1139 O° 1102 Increase 000279 Rright deposit. 
Sulphur -0°1734 0°1833 — 0°00 Deposit shining; abra- 
P “ sion marks quite vi- 
: sible. - 


O'1149 o' 1191 Decrease 0°002208 Velvety deposit of bluish 
d black colour but shi- 

ning deposit on the 

side not facing the 


anode. 
o°1187 0°1229 Decrease 0°004416 Do. 
o'r189 071232 "Decrease 0006624 Do. . 
Todine 0°1230 071232 — 000 Hard, Instrous deposit 
O°II75 o'rI¢o Decrease 9°0059 Shining and very hard 


deposit. 
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TaB_e I (contd.). 


Colloid. . Ni deposited 


Actual. Theoretical. 
0°r122 g. * o'rIgo g. 


0°0915 o 1187 


Al (OH); = o*1141 O°LI50 
O°1157 O°1127 
o'1162 | 0°1130 
o°1167 0°1130 
Fe (OH); 0°1246 0°1240 
o 1178 O'L143 
O'LISI 071126 
O'LI24 o’r100 


CHEMiIcAL LABORATORY, + 
GOVERNMENT COLLEGE, LAHORE. 


decrease 
in C. D. 


Decrease 


Decrease 


Increase 


Increase 


Increase 


Increase 
Increase 


Tucrease 


colloid per 
litre of 
bath soln. 


o0118 g. 
O°O177 
0°00 


O'OOT144 


0°00333 


0°00572 
000 


0°00826 
0°01724 


0°02568 


Increase or Amount of Appearance of deposit. 


Large flat crystals of 
varying size. 


Voluminous non-adhe- 
rent crystals. 


Not very hard; ‘non-cohe- 
rent, bright deposit. 


Very hard; all the,abra- 
sion marks absent, fine 
grained. 


Bright deposit 


Close grained, hard sh-n- 
ing deposit, 


Fine grained, very hard 
and bright denosit. 


Deposit hard but rot 
bright. 
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A NEW PROCESS FOR OUANTTFATIVE | ESTIMATION OF 
, ANTIMONY AND ITS SEPARATION FROM TIN AND 
LEAD. BY MEANS OF ALKALI SULPHOCYANIDES, 


Telae 2 ra Pe paar ott AHtpo 


Wen dya- “Ge H. N. Ray. 
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za -Antiinony ae with the.alkali sulphocyanides in a eoderately strong 
and’ boilitig ‘hydrochloric acid solution with the formation of antimony 
trisulphidé: Tin and lead, if present,:remain in solution. - Nitric acid and 
nitrates must be -absent and sulphuric acid gives high result even in the 
* absence of Jead due to separation of sulphur. 

If to a cold hydrochloric acid solution of antiniony, alkali suiphocyanides 
are added, the solution remains clear, no precipitate *comes*down. ‘ But? if 
the’ sdlution is Imade to“boile a turbidity appears which gradually passes 
from orange- -red fo scarlet-red precipitate of the antimony COMDOURS: The 
réaction possibly occurs according to’the following’ équations 


KCNS + 2HCta:-H.0 = KCL+NH,Cl4 COS 
3COS + 28bCl, = Sb.S;+ 3COCI, 


Evolution of:H,S gas during the reaction indicates-a.partial decomposition 
of the sulphide by the hydrochloric acid present. Hence thé solution 
should be diluted for complete precipitation " 
Procedures—Samples containing about ,o'r g. of antimony was weighed 
out in a 600 c.c. beaker and sufficient nitric acid (d 1'2) added to decompose 
the substance completely, followed by a few c.c. of HCl to dissolve the 
oxides formed. The solution was brought to a syrupy consistency by 
evaporating on a water-bath. HCl (20 c.c.) was again added and the solution 
evaporated to a small bulk. This process is repeated until the whole of 
FINO, was completely removed. The solution was made up to 125 to 150 ¢.c. 
containing 20 to 25 c.c. free hydiochloric acid. It was allowed to boil freely 
on the hot plate. A saturated solution of ammonium thiocyanate 
(25-30 cc.) was then added to this boiling solution. A pink coloration ap- 
peared for a momentand red precipitate of Sb.S, separated out. Ater a minute 
it was removed from the hot plate and allowed to settle for five minutes. 
The volume was then diluted upto 300 c.c. for complete precipitation of the 
sulphide. ‘The precipitate was then quickly filtered through a weighed 
Gooch crucible, washed first with hydrogen sulphide water, then with 
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hot water to remove the chloride avd sulphocyanide. Carbon disulphide 
washing followed next and it removed any free sulphur (if present) at this 
stage. Lastly, the precipitate was washed with alcohol and heated for twc 
hours in a drying oven at 200° to 300°. 

Fairly good results are obtained (when too much of tin or lead is present} 
by reprecipitating the sulphide with thiocyanate from acid (HCI) solutior 
as described above. The weight of the precipitate multiplied by 71°4z 
gives the percentage of antimony. 


Weight taken. - SbS3 Weight taken. Sb, Ss 
Found Calc Found. Calc, 
Tartar emetic 02100 g. o-2104g. Tartar emetic O-I5IIg. o'1824 g. 
10-4158 g.) + tin (o-4108 g.) + tin 
(o-5010 g.) + lead a fo'12ato g.) + Pb- 
(o'20 g.) (NOgq%2 (o*r0r0 g.) 
Tartar emetic 0-2019 0°2025 Tartar emetic 0°1329 0+1340 
fo-4003 g.) + tin {0°3606 g) + tin 
(o"4120) + lead (o-2008 g.) + 
(0-202 g) Pb(NOs3)q (0 0998 g.) 
Tartar emetic O-1190 0-1202 Tartar emetic 0:0369 0.0379 
(0°3234 g.) + tin + (o-I020 g.) + tin 
(o-lo g) + {(o'1985 g.) + Pb- 
Pb'NOsg)g (0015 g.-) (NO3)9 (0°2088 g.) 
Tartar emetic 0°0538 0-0602 
(o-r520 g.) + tin 
forog80 g.) + 


Pb(NOs)g (072108 g.) 


It is better to keep tin in the higher state of oxidation, i.e., in the 
stannic form before the sulphocyanides are added. Stannous tin has « 
tendency to fall down with antimony as sulphide. The behaviour of leac 
is somewhat different in this case. Lead remains in solution under the 
conditions of the experiment and is not precipitated either as chloride or 
sulphide. 


ORDNANCE LABORATORY, Received March’30, 1940. 
ISHAPORE, BENGAL. 7 


MERCURY DIALLYL AND ALLYL MERCURIC HALIDES. 


By K. V. VijAvARAGHAVAN. 


Mercury dially] is fosmed as a colourless liquid on reducing allyl mercuric iodide with 
an aqueous solution of sodium stannite The compound is somewhat unstable at ordinary 
temperatures slowly depositing mercury and evolving diallyl. By treatment with bro- 
mi nein ether solution allyl mercuric bromide (mp. 124-125°} is obtained. By the 
action of 4% hydrochloric acid on mer-ury diallyl, allyl mercuric chloride (m.p. 102-103°) 
has been prepared. 


Zinin (Annalen, 1855, 96, 363) prepared allyl mercuric iodide by 
shaking together mercury and allyl iodide in alcohol with a trace of iodine. 
Recently Austin (J. Amer. Chem. Soc., 1931, 88, 3514) prepared lead 
triphenylallyl. ° 

Several workers have attempted to prepare mercury dially! from allyl 
mercuric iodide without success. Zinin states that C;H;HgI heated just 
above its melting point (134-35°) decomposes giving a gaseous product, 
(which he did not identify) leaving behind a carbonaceous residue. The 
preparation of mercury diallyl was, therefore, first attempted by the action 
of heat on C;H;Hel. 


EXPERIMENTAL. 


Purified allyl mercuric iodide (60 g.) from acetone was placed in an all 
glass distillation apparatus. After displacing the air by dry hydrogen and 
evacuating to about 1 mm., the substance was slowly heated in a paraffin 
oil-bath. Decomposition occurred at about120°. The idistillate (5-6 c.c.) 
consisted of a mixture of allyl iodide and diallyl. The residue consisted 
of mercurous iodide and free mercury only. The reactions are probably 
represented by the following equations : 


CsH;Hel —> C3H,1 + Hg. : 
2 C;H Hel —> CeHi + Hg + Hel, 
Hel,+Hg —_> Hg.I.. 


Allyl] mercuric iodide was heated with an excess of potassium iodide in 
an all glass apparatus at about x1 mm. pressure, the residual gas being hydro- 
gen, as before. Decomposition occurred at about 115°. ‘The distillate was 
found to be again aily] iodide and diallyl, and the residue contained K,HgI, 
and tree mercury. 

_ The above results suggest that mercury diallyl may be formed as an 
intermediate product byt it decomposes at the temperature of the reaction, 
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The formation of K,HgI, in the last experiment aud the nearly equivalent 
amounts of free mercury and diallyl (cf. Oppenheim, Ber., 1871, 4, 671) 
lend support to this conjecture Hence reagents which act on organo- 
mercuric compounds in the cold and bring about ‘‘ condensation ’’ were next 
tried (Whitmore, “‘ Organic Compounds of Mercury,’’ p. 59). Sodium 
thiosulphate and alkaline sulphide solutions were found to have only very 
slight action on C;H;HglI, and the black ifsoiuble products were only inor- 
ganic mercury compounds, and the solution appeared to contain no new 
organomercuric compound. me 

When strongly alkaline soiution of sodium stannite was added to 
C;H;HgI suspended in water (cf. Dimroth, Chem. Zentrl., 1901, 1, 451 ; 
Whitmore, loc. cit., p. 63), mercury separated immediately and an oily 
liquid with a very offensive smell was formed. The oily liquid was extracted 
with ether, the ethereal solution dried over CaCl,, and the ether distilled 
off. A clear colourless liquid with a nauseating odour was obtained. ~ 

This product contains Hg, C and H, and it burns with a luminous flame 
forming yellow fumes of HgO. It is not spontaneously inflammable nor 
does it oxidise very rapidly in air, but mercury separates on standing at 
room temperature (30-35°). The liquid cannot be distilled even in nitro- 
gen at Jess than 1 mm. pressure as it decomposes into mercury and dially1. 

The compound, freed from ether as far as possible, becomes viscous 
when cooled with ice and salt but it crystallises in long needles with solid 
carbon dioxide. It crystallises from ethereal solutions also when cooled with 
carbon dioxide snow. Attempts were made to purify the substance by 
crystallisation from ether at low temperatures using a specially designed 
all glass apparatus in a moisture-free nitrogen atmosphere. In each case, 
however, meucury began to separate before the last traces of ether had been 
removed, ‘[he composition of the substance, while still containing traces of 
ether, was determined and derivatives prepared. : 

Samples of the purest preparations obtained were drawn into weighed 
capillaries, before separation of mercury set in and analysed. The mer- 
cury was weighed as HeCr.0,, 2CsH,N, and the carbon and hydrogen weie 
estimated by the ordinary methods. [Found : C, 26 37 ; H, 3'92 , Hg, 70'r. 
Hegi(C;H,). requires C, 25°49 ; H, 3'567 ; Hg, 70°99 per cent]. These results 
are low for mercury and rather high for Cand H owing to traces of ether 
present. ‘Théy are, however, sufficiently accurate to show that the substance 
is mercury diallyl. The yield is nearly quantitative 

Mercury diallyl is soiubie in ether, benzene and carbon disulphide but 
it is insoluble in absolute alcohol. On heating in a sealed tube in an attos- 
phere of nitrogen it decomposes into mercury and diallyl. Its density is 2°, 
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On coming in contact with the skin, it causes painful blisters after a few 
hours. Even in red light it slowly’ decomposes depositing mercury. A 
moderately concentrated solution keeps for a few hours and it was used for 
the reactions described below. 

Mercury dialkyls react with halogens, halogen hydracids, and mercuric 
halidesasin = 


HgR.+X2 —> RHgX+RX 
HgR,+HX -> RHgX+RH 
HgR,+HgX, — 2RHeX. 


(Whitmore, “ Organic Compounds of Mercury,’ Ch. IIL and Newton 
Friend, ‘‘ Text Book of Inorganic Chemistry ’’ Vol. XI, Goddard and 
Goddard, Ch. III). So if the substance is Hg(C,H;)2, these reagents would 
all be expected to give C,H,;Hel. é 

An alcoholic solution of iodide gave an immediate precipitate of glisten- 
' ing white crystals turning yellow on exposure to light. Recrystallised from 
alcohol they melted with partial decomposition at 133° and gave with 
Na,SnO, the same liquid with the unpleasant smell. Very dilute HI also 
gave C,H,HglI -dissolving in excess. HgI. also gave C;H;HglI, though 
in very small yield. . 

Action of Bromine on Mercury- Diallyl : Preparation of Allyl Mercuric 
Bromide.—Mercury diallyl inflames with liquid bromine. An ethereal 
solution of bromine gives a white shining crystalline precipitate. ‘This 
product crystallises from alcohol iu transparent silvery plates, melting with 
partial decomposition at 124-25°. It sublimes at about 95°. (Found : C, 
inir; H, 1°53; Br, 25°04; Hg, 623. C3;HsHgBr requires C, 112; 
HO, 1568; Br, 24°86; Hg; 62°4 percent). C;H,HgBr is seluble in ether, 
acetone, cabon disulphide and benzene. By the action of Na,SnQ,, 
Hg(CsHs). is formed. Very dilute HBr, excess of which is to be avoided, 
and aiso alcoholic HgBr, react with He/C,H;), to form C;H;Hg Br. 

Preparation of Allyl Mercuiic Chloride.— Mepcury diallyl inflames 
when dropped into chlorine gas With chlorine in carbon tetrachioride it 
gives an insoiuble white compound which appears to be mercurous com- 
pound. Alcoholic HgCl, also givesa similar insoluble compound. Allyl 
‘mercuric chloride was prepared by the action of approximately 4% HCl 
on Hg(C;H;)2. Cs:H;HgCl crystallises from alcohol, in giistening plates, 
melting with partial decomposition at 102-103°. (Found: C, 13°22; 
H, 1°89; Cl, 12°82; Hg, 72'4. CsHsHgCl requires C, 12.99; H, 1819 ; 
Cl, 12°79; Hg, 72°38 percent.) It sublimes above 80°. It is soluble in 
acetone, ether, carbon disulphide, benzene and aqueous alcohol. Na,SnO, 
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solution gives Hg(C,H,)2. The action of H&1 on He(C,Hs), may be 


represented by : 
He(C3Hs)2+ HCl -—~> C,H ;HgCl + C,H te 


The gas evolved was identified as propylene. Bromination yields 
propylene dibromide, b.p. 142°. Strong solutions of HCl react with 
e 
C;:H,HgCl as 


C.HeHgCl+HCl —> C.H.+HeCl, 


which is similar to the action of strong HY on C,H;,Heg]J; (cf. Linnemann, 
Annalen Suppl., 1865, 8, 262). ; 

An interesting gradation of properties is observed in the three ally! 
mercuric halides. The chloride, bromide and iodide melt with partial 
decomposition at 102-3°, 124-25°, and 133-35° respectively. ‘I‘hey sublinic 
at about 80°, 95°, and 1oo® respectively. Solubility in various solvents 
and stability towards light decrease from the chloride to the iodide. 
_ The chloride remains undecomposed without giving any smell even after 
weeks, whereas the iodide is turned yellow rapidly on exposure to light and 
gives off a penetrating smeli, indicating partial decomposition, on keeping 
in the dark for a few hours. The bromide gives traces of insoluble matter 
on keeping for a few weeks indicating partial decomposition. 


Potassium permanganate solution acts on mercury dialkyls forming 
the hydroxides (Seidel, J. p2. Chem., 1814, 291, 135) 


HeR, + (0) + H,O—>RHg0H + ROH. 


Heg(C;Hs). decolourises KMnO, precipitating MnO., but the filtrate does 
not contain GGH;HgOH, for, with halogen hydracids, it does not give allyl 
mercuric halides nor does it give mercury diallyl with Na,SnQ,. 

Probably the solution contains y-hydroxymcrcuripropy'‘eneglyco] ob- 
tained by the oxidation of the double bond at the same time as the oxidation 
et the mercury diallyl. The salts of this base are known {cf. Whitmore. 

‘* Organic Compounds of Mercury,’’ p. 133). 


The author is deeply indebted to Professor Edward Barnes at whose 
suggestion the work was undertaken and under whose direction and 
guidance it was carried out. 
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ON THE BITTER PRINCIPLES OF CITRUS DECUMANA. 


° By (Miss) Asma MooxERJEE. 


Two: bitter principles, isomeric with each other and having the formula, C.gH 90s, 


have been isolated from the seeds of Citius decumana. One of these has proved tc be 
identical with limonin, while the other appears to be a new compound and has been 
called neolimonin. Alkali treatment of neolimonin furnished hexahydrolimoninic acid 
and another compound, which may be identical with isolimonin originally describec by 
Koller and Czerny A comparative study of the colour reactions of neolimonin, limonin 
and isolimonin has been made. Hexahydrolimoninic acid has been obtained n a 


crystalline form for the first time. e 


The bitter principles of Citrus seeds have been investigated ra~her 
extensively. As early as 1841 Bernay (Annalen, 1841, 40, 317) isolated 
from the seeds of many species of Citrus (C. aurantium, Risso, C. limonum, 
Risso, and C. bigardia, Loisl) a- very bitter substance which he named 
limonin. He erroneously thought it to be an alkaloid. ‘Three years later 
Schmidt (Annalen, 1844, 51, 388) showed that Bernay’s limonin was nct a 
basic substance and that it resembled columbin, isolated from the roct of 
Jateoirhiza palmata by Wittstock (Pogg. Ann., 1830, 19, 298). Schréidt, 
moreover, found that limonin, C.2H»..O,, (m.p. 242°) was physiologically 
inactive. Since then other workers have studied its properties and re- 
actions (Paterno and Oglialoro, Ber., 1879, 12, 685; Peters and Frerich, 
Arch. Pharm., 1902, 240, 661). 


Peters and Frerich purified limonin by alkali treatinent and recowled 
the in. p. 275°. Recently Koller and Czerny (Monatsh., 1936, 67,248 ; 
1937, 70, 26) have reported the results of a more elaborate investigatioa of 
limonin, C.3;H.,O, (m. p. 280°) isolated from orange pips. ‘They isolated 
a second bitter substance, C.;H.,0, (m. p. 264°), from the same source 
which they named isolimonin. Shortly thereafter Feist and Schulte (Fer., 
1936, 69, 1322) isolated from lemon seeds a third bitter substance, naned 
citrolimonin, m. p. 304°, for which they advanced the molecular formula 
CysH3.0,- Similarity in equivalent weight and specific rotation of c-tro- 
limonin and limonin have led Koller and Czerny to believe these two 
compounds to be identical, despite a considerable discrepancy in the reported 
melting points. Koller and Czerny suggested that the lower melting point 
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of their limonin might be due to the use of alkalt during isolation and puri- 
fication, a suggestion which the present*worker has been unable to support 
(vide infra). 


In a recent communication Higby (J. Amer. Chem. Soc., 1938, 60, 3013) 
reported the isolation of two bitter lactones, namely limonin, CyseHa.O. 
(m.p. 290°, decomp) from Valencia orange and isolimonin, CosHs005 
(m.p. 264°, decomp.) from Washington Navel orange. From analytical and 
other data be concluded that his limonin was identical with the citro- 
limonin of Feist and Schulte and the limonin of Koller and Czerny. As 
regards his isolimonin, Higby did not establish its identity with Koller | 
and Czerny’s isolimonin but the similarity in melting point and other — 
properties was emphasised. : : 


The present investigetion has been undertaken with a view to isolate 
the bitter principles of the s€eds of a variety of Citrus decumana (N.O. 
Rutaceze), known locally as Bdtdvi. From the air-dried seeds two colourless 
crystalline bitter substances, besides a thick pale yellow oil, have been iso- 
lated. ‘These bitter principles have been purified without treatment with 
. alkali and many of their properties have been studied. One of the consti- 
‘tuents (m.p. 280°, decomp. ; yield 0.23%) has been found to be identical 
with Higby’s limonin by a direct comparison which has been made possible 
through the kindness of Dr. R. H. Higby, to whom the authoress is greatly 
indebted. ‘The second bitter constituent (m.p. 240-42°, decomp. ; yield 
0.15%) has been found to be a new compound and has consequently been 
named neolimonin. 


Neolimonin, CosHsoOx2, [a]3*°=—x11° (acetone), yields a phenylhydra- 
‘zone, m.p. 215-20°, whereas a yellow osazone, m.p. 221-25°, has been obtained 
from isolimonin (Higby, loc. cit.). Neolimonin has no methoxy and 
methylenedioxy groups. On acetylation neolimonin gives what is regarded 
as an anhydrodiacetyl derivative (m.p. 219-20°, decomp.) whereas isolimonin 
furnishes a diacetyl dfrivative, the m. p. of which has not been recorded 
(Koller and Czerny, loc. cit.}, 


_ It has been observed by Higby that boiling hydrochloric acid converts 
isolimonin into limonin and hexahydrolimoninic acid. Under similar ex- 
perimental conditions neolimonin is partially converted into hexahydro- 
limoninic acid. Alkali treatment, however, gives the same acid and another 
neutral .product, m. p. 262° (decomp.). The physical properties of the latter 
‘agree with those of isolimonin which have been reported to melt at 264°, 
(decomp.) (Higby) and 262-64° (decomp.) (Koller and Czerny). The 
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analytical data (C, 63-0 ;°H, 70%), however, are not in agreement with 
those of isolimonin which require8 C, 66-3 and H, 6°43 per cent. Further 
cousiderations about its molecular composition are postponed partly on 
account of the poor yield and partly for want of an authentic specimen of 
isolimonin of Koller and Czeiny. 


/ Hexahydrolithoninic acid was obtained by Higby as an amorphoas, 
light coloured, globular aggregate, m. p. 175-77° and by Koller and Czermny 
as an amorphous substance which passed into crystalline state, m.p. 173°, 
on keeping in contact with water. It has now been faund that the arid 
crystallises from acetone and has m. p. 201-3°. No marked difference in ~he 
analytical data between the two varieties are noticed and the m. p. of she 
amorphous variety is not dépressed by admixture with the crystall-ne 
variety in equal proportions. Contrary to the experience of Koller and 
Czerny the methyl ester of hexahydrolimonigic acid has also been obtaired 
ina crystalline condition, m. p. 173-4°. 


Limonin remains unaffected by acid or alkali treatment and must, there- . 
fore, be considered as the most stable of the three compounds. The 
relationship between limonin, isolimonin and neolimonin is indicazed 
-below : 





Alkali Acid 
Neolimonin -—>isoLimonin-———Limonin 
| Acid | | Acid 
| or | Acid | or 
oe 1 7 eee ‘ 
Hexahydroiimoninic acid No change 


Since isolimonin has a melting point intermediate betw@en the melt ng 
points of limonin and neolimonin, it was thought that it might be a mixtare 
of the last two compounds. ‘The presence of one-third molecule of alconol’ 
of crystallisation in zsolimonin, on this assumption, would correspond bo a 
mixture of limonin and neolimonin in the ratio of &1. In fact a mixture 
of limonin (6 parts) and neolimonin (xz part) melted’ indefinitely betw2en 
233° and 271° and the mixture on crystallisation gave products which 
melted at 256-74° (first crop), 253-72° (second crop) and 248-52° (tkid 
crop). No product with a sharp m.p. of 262° could be isolated. ‘Therefore, 
isolimonin cannot be regarded asa mixture of limonin and neolimonin. It 
has, moreover, been observed that the m.p. of neolimonin is depressed by 
admixture either with limonin or isolimonin. ‘The colour reactions of the 
three compounds, as given below, also prove that they are different from. 
one-another. — nar 
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Colour Reactions of Neolimontn, isoLimonin and Limonin. 


Reagents or 
Reactions. 


Concentrated 
sulphuric acid 


Concentrated 
sulphuric acid + 
anisaldehy de 


Concentrated 
sulphuric acid + 
KeCr,07 


Erdmann’s reagent 


Frohde’s reagent 


Mandelin’s reagent 


o-Dinitrohenzene 
(alkaline) 


Liebermann’s reac- 


tion 


Liebermann— 
Burchard’s reac- 
tion 


Salkowiski’s 
reaction 


Lifschutz 
reaction 


Rosenheim’s 
reaction 


It is interesting to note that Higby had obtained 


Limonin, 
Deep red soln. 
Purple 
Red, then pale 
yellow, finally 
green 
Yellow, then al- 


most colourless 
Red, then ‘black 


Red, then 
green 


deep 


Dirty purple, then 
red 


(i) HgSOglaver 
pale orange 
(ii) CCl-layer : 
colourless 


CHCly-layer : 
colourless 
(ii} HySOglayer : 
ink, yellow, 
then black 


(i) HySO,-layer : 
yellow 

Gi) CH(CI;-Jayer : 
colourless 


(i) H,SO,-layer: 
pink 

(ii) CHCI,-layer : 
purplish ~ 

(Pink ting at junc- 
tion) 


(i) HySO,layer : 
colourless 

iy CHCI;-layer : 
colourless 


Neolimonin. 
Same 


Purple 


Red, then 
quickly green. 


Red 


Yellow, then red 

Greenish yellow, 
green, then rapidly 
yellow 


Same 


1, Yellow 
(ii) Pink 
(i) Same 
(i) Puiple, then 


orange 


Same 


() Same 


(it) Same 


Same 


fsoLimonin. 


Same 
. 


At first a pinkish 
tinge turning red 


Red, then 


green 


slowly 


Deep red 

Red, and finally black 

Yellow with greenish 
tinge, then deep 
yellow, finally black 


Same 


(:) Purple, then red 


(ti) Colourless 


{i) Same 


(ii) Yellow, then red 


Same 


(i) Same 


(ii) Same 


Same 


a compound, in.p. 


240-42° (decomp.), from Navel orange, which he considered to be impure 
isolimonin and obtained pure isolimonin from it after treatment with alkali. 
It has been established in course of the present investigation that neolimonin 


& 
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undergoes transformation into isolimgtin under the influence of alkali. Tt 
is, therefore, very likely that isolimonin is not present as such in Navel 
orange, but is a secondary product derived from neolimonin. The sane 
remark also applies to the occurrence of isolimonin in orange seeds as 
observed by Koller and Czerny. This hypothesis, however, needs furth2r 
verification. 

The structural relationship between limonin, neolimonin and isolimcanin 
is not very clear. Although limonin has been subjected to chemical invesri- 
gation, for nearly a century, no structural formula for the substance has 
been advanced. Recent workers, however, agree that it contains two lactome 
groups, and Koller and Czeiny suggested that limonin may be related <o 
columbin and hence to cardiac aglucones.- The present worker has been 
able to account for many of the reactions of limonin on the basis of this 
hypothesis, but rigid chemical evidence has yet to be adduced in its 
support. arn : 


EXPERIMENTAL 


Isolation of Limonin and Neolimonin.—The seeds of C. decumara 
(2 kg.), collected in the locality, were coarsely powdered and extracted wi-h 
petroleum ether (b. p. 40-60°) in a Soxhlet for 6-8 hours to remove the major 
part of the oil, and then extracted with benzene during 24 hours: The 
pale yellow benzene extract was concentrated on the water-bath under 
1educed prsssure to about 100 c.c., when crystals of Jimonin and neolimon n 
- separated out. The crude product (x2 g.) was collected, washed with cod 
benzene (40 c.c.) to remove fatty matters, and then slowly crystallised from 
acetone (100-150 c.c.). The crystals consisted of opaque star-shaped aggr2- 
gates of limonin and transparent rods of neolimonin. ‘The two types of 
crystals were separated from each other mechanically, and the two fractiors 
were repeatedly crystallised from acetone till the m.p. of limonin (yield 
4°5 g.) became constant at 230° and that of neolimonin (yield 3 ¢.) at 
240-42°. : 7 
Limonin crystallises from acetone in thick rhombic plates or from 
aicohol in thin shining flakes. It crystallises from acetic acid with ore 
molecule of acetic acid, although it has no tendency to combine with 
aicohol or acetone. A chloroform solution of limonin easily discharges tke 
colour of bromine. Limonin also combines with one molecuie of phenyi- 
hydrazine. 
Neolimonin dissolves freely in chloroform and pyridine ; it is fairzy 
soluble in acetone but sparingly in alcohol, and insoluble in ethe-, 
petroleum ether and water. The crystals are transparent when crystallised 
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from acetone. They become opaque when kept exposed to sir for a few 
days evidently due {to the loss of acetone of crystallisation. Acetone is 
completely removed on drying at 120-25° in vacuo over P.O, for a few 
hours, Alcohol of crystallisation is, however, not lost so easily. A specimen, 
crystallised from alcohol and dried for 3 hours at roo° in vacuo, gave on 
analysis: C, 63°50; H, 7700. CsgH3,.0,, 2C;-H;O0H requires C, 64:03 ; H, 7-4 
per cent. Another specimen, crystallised from acetone, was dried to constant 
weight in vacuo at 120-25°. (Found: loss in weight, 10°93. CesHs.O,, 
Me,CO requires 10°98 %. Found in adry specimen: C, 65-80; H, 6-7. 
CogHs.0. 1equires C, 66°30 ; H, 6-43 per cent). 

Neolimonin (0°2973 g.), dissolved in acetone (50 c.c.), showed a rotation 
of —0°66° in x dem. tube at 33°. Hence [o]3°=~a11°. : 

Acetylation of Neolimonin.—A mixture of neolimonin (o'r g.), acetic 
anhydride (2 c.c.) anda drop .of pyridine was gently boiled for 4 hours. 
The liquid products of the reaction were removed under reduced pressure 
and the brown residue iaken up with acetone, charcoaled and filtered. 
After a week, the solution, which exhibited a green fluorescence deposited 
a small quantity of pale yellow plates, which became colourless after three 
crystallisations from acetone, and had m.p. 219-20°. (Found in sample dried 
in vacuo over P,O; at 00° for 3 hours: C, 67-34; H, 6-5. CapHa.0, 
requires C, 67°16 ; H, 60 per cent). 

Phenylhydrazone of Neolimonin.—Neolimonin (o'2 g) was refluxed 
in alcoholic solution with freshly distilled phenylhydrazine (0-3 g.) and 
glacial acetic acid (0'3 c.c.) on sthe water-bath for 3 hours. The yellow 
solution was freed from alcohol under diminished pressure and the residue 
taken up with 80% alcohol (15 c.c.) and concentrated. The yellow amorphous 
precipitate wa§ collected next day and washed with cold alcohol (20 c c.), 
m.p. 215-20°. (Found in specimen dried at 120-25° for 3 hours in vacuo 
over P20;: N, 4°60. Cs2H,,0,N. requires N, 5°00 per cent). 

‘Action of Hydiochloric Acid on Neolimonin.—Pure neolimonin (0.7 g.), 
dissolved in acetone (35 c.c.) was refluxed with 6N-hydrochloric acid (7 c.c.) 
on the water-bath for 6 hours. After neutralisation with lead carbonate 
the solution was filtered, concentrated, diluted with water and again heated 
when a brown viscous mass separated out. This was coilected and after 
treatment with sodium bicarbonate solution, was crystailised from acetoue 
and found to be unchanged neolimonin. The bicarbonate solution was 
acidified with hydrochloric acid, the precipitate was collected, washed with 
a little ice-cold water and after drying in a desiccator (calcium chloride), 
was purified by repeated dissolution in sodium bicarbonate and precipitation 
with hydrochloric acid; m.p. 175-77°- (Found in a specimen dried at 100° 
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for 3 hours in vacuo over P.Os : G, 62°60; H, 7°8. CzeHs,0, requires 
C, 63°13; H, 7°69 per cent). The heXahydrolimoninic acid described above 
(0'0616 g.), dissolved in acetone (25 c.c.), showed a rotation of —o.085° ina _ 
o’5 dem. tube. Hence [a]>**=—69°. Higby records [e],??=—70° 
for the amorphous acid. 

Crystalline Héxahydrolimonwnic Acid.—The above acid was repeatedly 
crystallised from, acetone when it formed colourless shining rods, m.p. 
201-3°. (Found in a specimen dried for 3 hours at 135-40° in vacuo over 
P.0;: C, 63°42; H, 7°33. CecsHssO. requires C, 63°10; H, 7°69 per 
cent). The crystalline acid showed [o],°°=—74.3° (acetone). 

Action of Alkali on Neolimonin-—A clear solution of neolimonin 
(0.18 g.) in aqueous potassium hydroxide (ro c.c. of 13%) was acidified with 
hydrochloric acid after standing for 2 hours at room temperature. ‘The 
precipitate was collected, and washed with ice-cold water, when a 
patt (0.09 g.) became insoluble in bicarbonate solution. From the filtrate an 
amorphous precipitate {0.08 g.) was isolated after acidification. Purified by 
dissolution in sodium bicarbonate and acidification with hydrochloric acid, 
and finally by crystallising from acetone (till the m.p. became constant) 
colourless needles (identified as hexahydrolimoninic acid), m.p. 201-3°, were 
obtained. (Found in specimen dried at 135-40° for 2 hours in vacuo over 
P05: C, 63°42; H, 7°33. CagHssO, requires C, 63°10; H, 7°69 per 
cent). 

The insoluble residue (o’09 g., referred to above) was thrice crystal- 
lised from alcohol when thick plates, m.p. 262° (decomp.) (unaltered by 
further crystallisation) were obtained. When heated to 140° it turned 
opaque, became an opaque powder at 225-235° and finally melted at 262° 
with decomposition. Crystailised from a mixture of pyridime and benzine 
it had the same m.p., but did not show the heat changes as recorded above 
showing that the former specimen had alcohol of crystallisation. Dried to 
constant weight in vacuo at 135° it gave C, 63°0; H,7’o per cent. This 
substance may be isolimonin. ‘ 

Methyl Ester of Hexahydrolimoninic Acid. —Hexahydrolimoninic acid 
(0.04 g.), dissolved in pure methyl alcohol, was treated with an excess of 
ethereal diazomethane and the mixture ieft for 20 hours at room tempera- 
ture. The residue left after removal of the solvents crystallised from 
benzene, when colourless transparent plates, m.p. 173-74°, were obtained. 
These, however, soon lost their transparency and became opaque apparently . 
due to loss of solvent of crystallisation. Koller and Czerny had obtained 
an amorphous methyl ester of the acid, the m.p. of which has not been 
recorded. 
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Limonin.—Limonin, m.p. 280° (decomp.), isolated from C. decumand 
was dried at 120° for 3 hours in vdcuo over P,Os. (Found: C, 65°87; 
H, 6°24. CosHsoOg requires C, 66°30; H, 6°43 per cent). The substance 
(0°398 g.), dissolved in acetone (25 c.c.), showed a rotation of -3.54° in 
1.89 dem. tube at 33°, whence [o]b=—117°. (Higby records -106°, 
-108° and -r14° at 20° in acetone depending upon the source of limonin). 
.Mixed m.p. of limonin with Higby’s compound was found io be 279-80° 
-(decomp.). 

Phenylhydrazone of Limonin.—Limonin furnished an amorphous red- 
dish phenylhydrazone, m.p. 250-55°, when the experimental conditions 
described under neolimonin phenylhydrazone were followed. (Found 
in a specimen dried for 2 hours at 120° in vacuo over P,O;:N, 5°3. 
Cs2HasO7N, requires N, 5.00 per cent). 

Action of Hydrochloric Acid on Limonin. —Limonin (0.5 g.), dissolved 
in acetone (25 c.c.), was refluxed with 6N-hydrochloric acid (5 c.c.) for 6 
hours on the water-bath. The solution was worked up as described before 
in the case of neolinionin. The crystalline precipitate (0.5 g.) in this case 
was entirely insoluble in sodium bicarbonate solution, and formed heavy 
plates, m.p. 280° (decomp.), after two crystallisations from acetone and was 
identified as-unchanged material by a direct comparison. 

Action of Alkali on Limonin.—Limonin (0.2 g.) was dissolved in potas- 
sium hydroxide (zo c.c. of 13%) and the clear solution kept for 48 hours. 
The precipitate (o'195 g.), obtained on acidifying the solution, did not 
dissolve at all in sodium bicarbonate solution, and the filtrate showed a blue 
fluorescence. ‘The precipitate crystallised from alcohol in shining flakes, 
m.p. 280° (decomp.), not depressed by admixture with limonin. 

In conclusion my best thanks are due to Dr. P. K. Bose for his 
keen interest and facilities offered, to Mr. N. Ghosh for the micro-analyses 
and to the Trustees of Sir P. C. Ray Research Fellowship Fund for the 
award of a scholarship. 
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KOSTANECKLROBINSON REACTION. PART Ili. -— 
BENZOYLATION OF ORCACETOPHENONE | 
AND ITS MONOMETHYL ETHER. 


By S. M. SeTHNa AnD R. C. SHAH. 


In continuation of the previous work orcacetophenone has been henzoylated giving 
7-benzoyloxy-3-benzoyl-s-methylflavone. ‘This on treatment with concentrated sulphuric 
acid gives 7-hydroxy-3-benzoyl-5-methyl-flavene which on treatment with alcoholic 
potash gives 7-hydroxy-5-methylfiavone. A noteworthy point is the new technique for the 
stepwise elimination of O-benzoyl group and the C-benzoyl group in the y-pyrone ring. 


In continuation of the previous work (J. Indian Chem. Soc., 1940, 17, 
239, 487) orcacetophenone has been benzoylated. The reaction mixture efter 
benzoylation is treated with petroleum ether and water to remove benzoic 
anhydride and sodium benzoate respectively when a product (A), CooH30O<, 
is obtained. This on treatment with concentrated sulphuric acid gives an 
alkali-soluble product (B), C.3;H,.O., which on treatment with alcoholic 
potash gives a product (C), CisH120;, with the loss of a benzoyl group. 
This product is 7-hydroxy-5-methylflavone (I, R=R’=H), prepared 
previously by Tambor (Ber., 1908, 44, 793) by the condensation of orcaceto- 

-phenone dimethyl ether with methyl benzoate and subsequent ring-closure 
of the 8-diketone. He records the m.p. 297° for the Hlavone and 115° for its 
methyl ether. Our m.ps., however, are 312° and 122-23° respectively. . 

Thus the product (A), which is 7-benzoyloxy-3-benzoy]l-5-methylflavone 

(I, R=R’=COPh), gives on treatment with concentrated sulphuric acid 
.the product (B), 7-hydroxy-3-benzoy]-5-methylflavone (I,R=;H; R’=CQPh), 
which on treatment with alcoholic potash gives 7-hydroxy-5-methylflavone 
of T'ambor (loc. cit.). . . : : ae Ma 

The, monometbyl ether of orcacetophenone on similar benzoylation 

-and subsequent treatment of the reaction product with petroleum ether 
and water gives 7-methoxy-3-benzoyl-5-methylflavéne, identical with the 
methyl ether of (I.R=H; R’=COPh). This on treatment with alcoholic 
potash gives 7-methoxy-5-methylflavone, identical with the methy] ether of 
(I,R=R/=H). 

The procedure generally adopted in working up the product obtained on 
the aroylation of o-hydroxy-ketones is the treatment of the reaction mixture 
with alcoholic potash. This leads generally to the removal of both the 
O-aroyl group and the C-aroyl group in the pyrone ring and the 3-aroyl- 
flavones are not generally capable of isolation. Some workers have, 
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however, been able in a few cases to isolate’ 3-b&nzoylflavones by modifica- 
tions of the usual procedure of working up the reaction products or 
changing the conditions of reaction (Aigar, McCarthy and Dick, Proc. 
Roy, Irish Acad, 1933, 44B, 155 ; Baker, J. Chem. Soc , 1933, 1381; Suga- 
sawa, ibid., 1934, 1483, Rangaswami and Seshadri, Proc. Indian Acad. Sci., 
1939, 10A, 6). ‘ 

The experimental technique, followed here, of treating the reaction 
mixture after benzoylation with petroleum ether and water, to remove 
benzoic anhydride and sodium benzoate respectively can be of great value 
in the isolation of flavones with both the O-and the C- benzoyl groups 
intact. The O-benzoyl group can be then smoothly removed by the use of 
concentrated sulphuric acid leaving the 3-benzoyl group intact. ‘The 
method promises to be of general use and preliminary experiments with 
other o-hydroxy-ketones justify this expectation. 

: O 
RO/ \” Nc’Ph 
ees 
Me CO 
(I) 


EXPERIMENTAL. 


Benzoylation of Orcacetophenone: 7-Benzoylovy-3-benzoyl-5-methyl- 
flavone (I, R=R’=COPh).—Orcacetophenone (5 g.), sodium benzoate 
(r5 g.) and benzoic anhydride (50 g.) were heated in a 250 c.c. round- 
bottomed flask in an oil-bath at 180-190° for 8 hours. The compact mass 
obtained was ground up and refluxed repeatedly with petroleum ether 
(b.p. 40-60°) ard filtered each time till the benzoic anhydride was removed. 
The product was dried and then ground up with excess of water to 
remove sodium benzoate. ‘The residue was then crystallised froim rectified 
spirit in slender shining needles (4g.), m. p. 172-73°. ‘The product is 
insoluble in alkali and gives no colouration with alcoholic ferric chloride. 
(Found : C, 78°0 ; H, as CsoHooOs requires C, 78°3 ; H, 4°3 per cent). 

7-Hydroxy-3-benzoyl-§-methylflavone (1, R=H; R'=COPh).—The 
above condensation product (I, R=R’/=COPh; 2g.) was shaken up with 
concentrated sulphuric acid (x5 c.c.) and kept for 4 hours. The product, 
obtained on adding the reaction mixture to water, was crystallised from 
rectified spirit in rectangular prisms (x g.), m.p., 282-83°. The product is 
soluble in caustic alkalis without any fluorescence. It also gives no fluore- 
scence with concentrated sulphuric acid. (Found: C, 774; H, 4°8. 


CasHicO, requires C, 77°5 ; H, 4°5 per cent). 
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The acetyl derivative, prepared as usual with sodium acetate and acetic 
auhydride, was crystallised from alcohol in rectangular prisms, m-p. 171-73”. 
(Found: C, 75°0 ; H, 4°7- CesHisOs requires C, 75°4 ; H, 4°5 per cent). 

The methyl ether, prepared as usua: with potassium carbonate ard 
methyl iodide, was crystallised from rectified spirit in clusters of tiny needies, 
m.p. 186-87°. (Found : C, 77°6; H, 5°0. CosHisO, requires C, 77°8 ; H, 49 
per cent’, 

7-Hydroxy-5-methylflavone.—Debenzoylation did not take place cm 
keeping 7-hydroxy-3-benzoy]-5-methylflavone with 10% sodium hydroxice 
for 60 hours, It was, however, effected by heating the benzoyl derivatire 
with alcoholic potash. 7-Hydroxy-3-benzoy]-5-methylflavone (o’5 g.) was re- 
fluxed with alcoholic potash {r0%; 25 c.c.) for $ hour. The excess of alcoho! 
was distilled over and the reaction mixture acidified with hydrochloric acid. 
The product obtained was crystallised from rectified spirit in tiny needl2s 
(0.2 g.), m.p. 312°. Tambor (loc. cit.) gives m.p. 297°. The product gives 
bluish fluorescence with concentrated sulphuric acid and caustic alkalis. 
(Foumd : C, 76°: ; H, 4°7- CysHi20; requires C, 75°2; H, 4°8 per cent). 

7-Benzoyloxy-3-benzoyl-5-methylflavone was similiarly debenzoylated 
to 7-hydroxy-5-methylflavone. 

7-Methoxy-5-methylflavone, prepared with dimethy] sulphate and alkali, 
was crystallised from rectitied spirit in needles, m.p. 122-23°: Tambor 
(loc. cit.) gives m.p. 115°. 

Benzoylaticn of Orcacetophenone Monomethyl Ether : 7-Methoxy-3-ben- 
zoyl 5-methylflavone.—Orcacetophenone monomethy] ether {2 g.), sodium 
benzoate (6 g.) and benzoic anhydride (20 g.) were heated for 7 hours at 
180-g0°. The product, obtained on treatment with petroleum ether and 
water as above, was crystallised from rectified spirit in Clusters of tiay 
needles (0°6 g.), m.p. 186-87°. Mixed m.p. with the methyl ether of 
7-hydroxy-3-benzoyl-5-methylflavone, described before, was not depressed. 

On refluxing with alcoholic potash 7-methoxy-5-methylflavone was 
obtained as shown by direct comparison with the same, 

Further work on the application of this method for the isolation of 
3-aroyl-flavones is in progress. Experiments are also in progress to investi 
gate the use of various other solvents in place of petroleum ether. Al! the 
analyses are microanalyses. 

One of us (S.M.S.) thanks the University of Bombay for the award of 
aresearch grant. 

ELPHINSTONE COLLEGE, BOMBAY 


AND Royat INSTITUTE OF SCIENCE, Received June 18,1920. 
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MAGNETIC SUSCEPTIBILITY AND OPTICAL ROTATORY : 
* .POWERS OF p-HYDROXY-a-NAPHTHYLIMINOCAMPHOR. 
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By MAHAN SINGH AND ARJAN SINGH 


The magitetic susceptibility and rotatory powers of p-hydroxy-a-naphthylimino- 
camphor have been described The two forms of the compound have different suscep- 
tibilities which suggest that the differences are not due to the size of the aggregate 
of the molecules or stereoisomerism, but probably due to the difference in the consti- 
tutions. 

' Aryl derivatives of iminocamphor (Iorster and Thornley, J. Chem. Soc., 
1909, 95, 944; Singh and collaborators, ibid., r919, 115, 566; x920, 417, 
980 ;. 1599) with’ a few exceptions exist in one form only, though Singh 
and Rai (J. Indian Chem. Soc, 1926, 389) have pointed out that these 
compounds by virtue of their containing an azethenoid group are capable 
of existing in two stereoisomeric forms. Singh and Singh (J. Indian’ Chem: 
Soc.; 1935,.12, 768) have prepared p-dimethylamino- and p-diethylamino- 
phenyliminocamphors, which are phototropic aud the two forms: show 
different rotatory : powers. It is supposed that the substances exist in 
stereoisomeric forms. . ; 

p-Hydroxy-a-naphthyliminocamphor exists in-two forms (red and light 
orange). ‘[he red form, prepared by crystallising from alcohol, is converted 
into the light orange: form at 132-135°: This thermotropic change may 
be due to one of these causes; (i) a change in the size of the aggregate of 
the molecule, (ii) or to geometrical isomeric change as suggested by Singh 
and Singh (loc.*cit ), and (iti) constitutional change. 

To decide this we have determined the magnetic susceptibilities of the 
two.-forms on a modified form of a Guoy’s balance The values are: 
—6'58.1077 for the red and ~6°46x107" for the light orange. 

Bhatnagar, Kapug and Hashmi (J. Indian Chem. Soc., 1938, 15, 573) 
as the result of their study of the magnetic susceptibilities of phototropic 
compounds have come to the conclusion that the susceptibility value of the 
compound before and after exposure to light would remain the saine if the 
phototropic change is not accompanied by any change in the crystal structure 
or a change in the constitution. _ 

Again Bhatnagar, Mathur and Neogi (Z. Physik., 1930, 69, 373) Have 
shown that the difference in the magnetic susceptibilities of the geometrical 
isomerides is negligible being of the order 0'032 1077 to 0’052 x 1077. 
The susceptibility values of the two forms of b-hydroxy-a-naphthyl- 
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iminocamphor, however, differ by 0.120 x 107", showing thereby that =he 
thermotropic change from red to fight orange is neither due to the change 
in the size of the aggregate of the molecule nor to the geometrical isomerism. 
If the constitution of the two varieties be represented by the following 
formulae then the net change in the mass susceptibility value of the co-n- 
pounds due to the various constitutional changes works out to beo’121 x 1077, 
which agrees remarkably well with the experimental value. 


c=n-¢ OH —6.58 x 1077 
CHy C] es) 
C 


CeHi, C Il —$<—~ —6.46 x 1077 
c-oH ¢ 


Both the forms were examined polarimetrically in various solverts. 
The light orange form shows mutatotation in aniline, methyl alcohol and 
ethyl alcohol. The final value of the light orange form is the same as that of 
the red form and it appears that this is the rotatory power of the equilibriam 
mixture. There is no mutarotation in ethyl alcohol if 2-3 drops of pyridine 
are added and it seems that the equilibrium is established within a very 
short time. The rotatory powers of both the forms in nitrobenzene are 
almost identical and the light orange form shows no mutarotation. 


EXPERIMENTAL 


Condensation of Camphorquinone and 1 : 4-Aminonaphthol Hydrochloride. 
—Equimolecular quantities of camphorquinone and 1: 4-aminonaphthol 
hydrochloride with fused sodium acetate were heated on a water-batk at 
45-50° for § hour. It was then extracted with alcohol and precipitated 
with water and the process repeated several times tid] the product was brizht 
orange in colour free from tarry matter. The precipitate was crystalised 
from warm alcohol as bright red crystals, melting at 231° but with a change 
to light orange colour at 132-135°. It crystallised from hot alcohol as deep 
red crystals with blackish tinge. On spontaneous crystallisation both the 
varieties separated side by side and were mechanically separable. 

At a slightly higher temperature (50-65°) the yield decreases consider- 
ably, most of it changing to a black product and finally at a temperature 
of 80°, the whole product reduces to a black tarry matte (Found : N, 4 86. 
CacklesO2N requires N, 4. 56 er cent). 


3 . 
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x : 4-Aminonophthol was prepared in good yield by reducing benzene- 
azonaphthol with sodium hydrosulphite (‘‘ Organic Syntheses '’ Vol. ILI). 
Attempts to prepare it by the reduction of -sulphobenzene-azonaphthol 
with stannous chloride (Barnett, Preparation of Organic Compounds, 191) 
yielded resinous tarry matter. Pee 

The rotatory powers were determined in the usual way in a 2-dcm tube 
with the exception of aniline in the case of red form where x dem tube 


was used. - 
Red form 
Solvents Conc. g/25 c.c. @p, [e]p. 
Aniline 0.0412 120° 1415° 
EtOH aa 0.0100 x08 1350 
Me;CO : 0.01I4 : 1°22 1337 
MeOH 0.0100 0°98 1225 
-Nitrobenzene 3 . 0.013 r'Ig 1144 
Light Orange form 
Aniline 0.0140 1°80 “1608 
(after 21 hours) 4 x62 1432 
EtOH 0.0142 1 63 1435 
(after 9 hours) e 1°46 1285 
EtOH 0.0100 L'05 1312 


In the presence of 2-3 drops of pyridine 


MeOH e 0.106 1°16 1368 
{after 24 hours) L'0g 1226.4 
Nitrobenzene 0.0100 0°95 1187 


The rotatory powers of p-hydroxy-phenyliminocamphor were deteér- 
mined in the following solvents for the sake of comparison. 


Aniline 0.0202 2°75° T70I° 
‘Nitrobenzene 0.0217 2°43 1393 


D&PARTMENT OF CHEMISTRY, 
GOVERNMENT COLLEGE, LAHORE. Recetved June 24, 1940. 


A NEW SYNTHESIS OF HEXAHYDROISOPHTHALIC ACID. 


By PHANINDRA CHANDRA DUTTA. 


A new method for the synthesis of stereoisomeric hexahydroisophthalic acid has 
been described. 


The condensation of ethyl oxalate with systems like ° 

-CH,-CH =CH—X(X=CO ; CO.Et, C=N), 
described by Lapworth (J. Chem. Soc., xgo1, 79, 1265), has undergone 
considerable modification recently largely due tothe work of Kuhn and 
co-workers (Ber., 1936, 69. 1757, 1979 ; cf. Pedlar Memorial Lecture, J. 
Chem. Soc., 1938, 610). Borsche (Annalen, 1934, 512, 97) has condeased 
unsaturated nitriles like acrylonitrile and crotononitrile with oxalic ester 
in the presence of two molecules of potassium ethoxide, but so far no cvclic 
system has been studied in detail. o-Methylcyclohexanone has 3een 
converted into the related unsaturated nitrile by the method of Linstead 
(J. Chem. Soc., 1936, 482). This was presumably a mixture of A“and 
A*-forms. ‘This was condensed with ethyl oxalate in presence of socium 
ethoxide, when as has been shown by Lapworth (loc. cit.), the A?-torm 
alone reacts. With potassium ethoxide, the A®*-form also reacts (Borsche, 
Ber., 1932, 68, 865). 


CH'R CH, 
ie HC i 
eee RHC //cH'CN 

CH, CH 

AS-form i: Al-form 

(I) (1) 


To maintain the homogeneity of the product, sodium ethoxide has 
been used. The oxalo derivative (IJ, R=CO’CO.Et) has been isokted 
from the alkaline solution in the form of colourless needles. Attempts 
to drive off carbon monoxide by heating up to 230° failed, the substance 
distilling smoothly in vacuum proving its unusual stability. 

Similarly A*-cyclohexene has been condensed with oxalic ester uader 
identical conditions to give (III, R=Et). 
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/ CH, . CH, 
Pee -HAC/ NCH‘CO.Et 
elles HAC\ cu, 

CH . CH 
CO'CO,R CO.Et 
(111) (IV) 


On hydrolysis with methyl alcoholic potassium hydroxide the correspon- 
ding acid (III, R=H) is obtained in quantitative yield. Attempted 
oxidation ofthe pyruvic acid derivative with hydrogen peroxide in alkaline 
solution by the usual method is unsatisfactory and consequently it has been 
oxidised in aqueous solution with hydrogen peroxide at 60°. 

The unsaturated cyclohexenecyano-acid has been reduced with sodium 
amalgam aud the reduced cyano-acid is isolated as the diethyl ester (IV). 

After hydrolysis (IV) gives hexahydroisophthalic acids. From the 
mixture the cis-anhydride has been isolated by distillation in vacuum and 
converted into the cis-hexahydroisophthalic acid (cf. Perkin, J. Chem. Soc., 
1891, 89, 808 ; Cook. ibid., 1936, 68). 

The choice of cyanocyclohexene instead of ethyl tetrahydrobenzoate 
(Kon, J.Chem. Soc., 1933, 1631) for this series of reactions is due to the 
fact that the reduction of the double bond in tetrahydroisophthalic acid 
is not possible with the usual reducing agents (Baeyer, Ber., 1886, 19, 1806, - 
Perkin, loc. cit.). 


EXPERIMENTAL. 


- Ethyl (4-Methyl-3-cyano-A?-cyclohexenoyl)-formate (II, R=CO'CO,Et). 
—A solution of sodium (2°3 g.) in alcohol (35 cc.) was cooled 
in a freezing mixturetand to this was added a cold mixture of 
methylcyanocyclohexene (r2°x g.) and ethyl oxalate (14°6 g.). The 
mixture was thoroughly shaken and after allowing it to cometo room 
temperature gradually (15 hours) it was decomposed with ice. The neutral’ 

“ portion was extracted with ether, and from the alkaline portion an oil 
separated after acidification, which at once crystallised ont in long needles, 
m.p. rr0o°, yield 8°5 g. It had a characteristic smell and gave a deep 
violet ferric reaction in alcoholic solution. It crystaliised from alcohol in 
needles with some of the solvent of crystallisation removable on prolonged 
drying in vacuum. It was unusually stable to heat and distilled in vacuum 
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at 170°/9 mm. The distfilate crystallised at once. (Found: N, 6'51, 
6'52. Ci2Hi;03N requires N, 6°34 per cent). 


Ethyl (3-Cyano-A'-cyclohexenoyl)-formale . (III, R=Et).—To a well 
cooled solution of sodium ethoxide (sodium 6°6 g, and alcohol, distilled 
over calcium, 86 c.c.), a similarly cooled mixture of cyanocyclchexene 
(30 g.} and ethyl oxalate (42 c.c.) was added with thorough shaking. On 
working up in the usual way, a white crystalline substance was obtained- 
It was distilled at 156°/5 mm., the distillate crystallising in needles, m.p. 
106°, yield 31 g. (Found: N, 69. C,,;His0,N requires N, 6°7 per cent). 


3-Cyano-A1-cyclohexenoylformic Acid (III, R=H).—The above ester 
(3x g-), dissolved in methyl alcohol (120 c.c.), was shaken with a solution of 
sodium hydroxide (18 g.) in water (170 c.c.). After standing at the ordinary 
temperature for 2 days, the solution was heated on the water-bath for 
rt hour and then acidified with ice-cold dilute’sulphuric acid when a white 
crystalline precipitate separated, m.p. 197-99° (decomp.) after recrystalli- 
sation from dilute aicohol, yield 20 g. (Found : C, 60°6, H, 4°6. CsH,O,N 
requires C, 60°3 ; H, 5’o per cent). 


Ethyl Hexahydroisophthalate (IV).—The above acid (18 g.) was sus- 
pended in water (300 c.c.) and to this was added hydrogen peroxide (14 c.c. 
28% by titration). The mixture was mechanically stirred and the tempera- 
ture was gradually raised to 60°. The reaction started with frothing anc 
after about 2 hours most of the acid went into solution and the tempera- 
ture was maintained at 60°. The solution after filtration was thoroughle 
extracted with ether after saturation with ammonium sulphate. The ethe- 
extract was dried over sodium sulphate, whence a viscous mass was obtained. 
The yield of the acid from two experiments was 17 g.. Thi8 was reduced 
in a slightly acid solution with sodium amalgam (3%, 800 g.). Th2 
operation required about 8 hours and after isolation in the usual way, _ 
the yield of the reduced acid wasg g. It was next esterified with a mixtur> 
of alcohol (50 c.c.) and sulphuric acid (z2 c.c., d 1°8g) and heated on th2 
water-bath for 2 days. After isolation in the usual way the mobile o:1 
had b.p. 124°/5 mm. (5 g.) together with a high-boiling residue. (Found: 
C, 63°1, 63°2; H, 8°8, 89. CisHe.O, requires C, 63°: ; H, 8°6 per cent). 


Hexahydioisophthalic Acid.—Ethyl cyclohexane-1 : 3-dicarboxylate 
(4 g.) was hydrolysed by refluxing with fuming hydrochloric acid (30 c.c ) 
for 8 hours. The solution was concentrated to some extent when the acti 
separated asa sandy powder on cooling. It was dissolved in boiling wate-, 
charcoaled and concentrated on the water-bath and left aside for crystalii- 


610 Bc, DUTTA 


sation after the addition of a few drops of hydrochloric acid, m.p. 114-38°, 
evidently consisting of a mixtute of cis- and lrans-forms (lit. m.p. 
r10-30°), (Found: C, 55°7; H, 6°5. CsH,.0, requires C, 55°8; H, 6'9 
per cent). 


cis-Hexabydroisophthalic acid was separated from the mixture by 
boiling the above acid (2 g.) with acetic anhydride (10 @.c.) for 5 hours and 
the residue left was sublimed in high vacuum when the anhydride of the 
cis-acid was obtained, m.p. 184° (lit. 185-86°), whence the cvs-acid, m.p. 
161°, was isolated (loc. cit.). 


My grateful thanks are due to Prof. P. C. Mitter for his valuable 
stiggestions, kind encouragement and interest during the course of these 
investigations. 

Sr T. N. Pauit LABORATORIES 
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STUDIES IN THE CYCLOPENTANE SERIES. PART I. 
SYNTHESIS OF 1-METHYLCYCLOPENTANE-|1 : 2-DI- 
CARBOXYIC ACID IN C1S- AND TRANS-FORMS.* 


By PHANINDRA CHANDRA Dorta. 


A new method has been developed for the synthesis of substituted cyclopentan= 
rings and by this method 1-methyl-cyclopentane-1: 2-dicarboxylic acid has been syi- 
thesised in cis- and trans-forms. Their stereochemical properties have been studied in 
detail and their analogy with the two forms of cyclopentane-1 : 2-dicarboxylic acids hav> 
been established. 

This series of investigation was originally undertaken with a view to 
study the modes of formation and stereochemical properties of 1-methy-~ 
cyclopentane-1 : 2-dicarboxylic acid (I), so that ultimately Wieland’s acid 
(Il), obtained by the oxidation of sterol and bile acids (Z. physiol. Chem. 
1924, 184, 276), may be synthesised. 

CH /Me Me-CH —CH2'CH,'CO2.H 


Be) C-co.H CH Me 
H,c_—_'caco,H Be eee 
H,cL—lcu'co,H 
(1) (II) 


As a reference compound, the acid (I) has been prepared from ethyi 
a-methylcyclopentanone-2-carboxylate by a method, which is, however, 
identical with that used by Linstead in the preparation of the corresponding 
cyclohexane analogue. Ethyl 2-methylcyclopentanone-2-cafboxylate has 
been converted into the cyanohydrin (III) with liquid hydrocyanic acid and 
this, on dehydration with thionyl chloride and pyridine, gives the unsaturated 
ester (IV, R=CN) (containing much dissolved sulphur, which is removed 
by boiling with precipitated copper in benzene sofition.) It undergoes 
hydrolysis to the unsaturated acid (IV, R=COOH) and this, on reduction 
with sodium amalgam gives only the trans-form of the acid (I), m. p. 142°. 


CH, /Me CH, Me 
HC)” \C—COgH HeC/ SC—COoEt 
| | 8 |_| 
nec e € HcL—!c-R 
CN 
(III) (IV) 


* A preliminary note appeared in Science and Culture, 1940, 8, 560. 


“ 


612 . P. C, DUTTA 


Attention was then directed to its” synthesis from open-chain com- 
pounds with the proper substitents. @-Ethoxyethyl iodide has 
been condensed with sodioacetoacetic ester to give ethyl y-ethoxy- 
acetobutyrate and this on hydrolysis gives y-ethoxypropylmethyl ketone 
(V). The cyanohydrin of the latter is condensed with sodiocyanoacetic ester 
(Thorpe and Higson, J. Chem. Soc., 1906, 89, 31435) and the ethoxydi- 
cyano-ester (VI) is isolated as a viscous liquid. 


CH, Br’ (CH2)9"C’R‘COgEt 
se nd Gog Br 
ee ‘ext6x)—conn <n 
CHs—CH,OEt 
(v) “4 (v1) 


The jatter (VI) has also been prepared in a very good yield by the 
addition of hydrogen cyanide to ethyl e-cyano #-(y-ethoxypropyl)-crotonate 
(cf. Hope and Sheldon, J. Chem. Soc., 1922, 121, 2226; Cope, J. Amer. 
Chem. Soc., 1937, 59, 2327). 

Attempted cyclisation of (VI) to (I) by heating with fuming hydro- 
chloric acid furnishes a chlorinated acid instead of the desired cyclopentane- 
acid. Simonsen (J. Chem, Soc., 1909, 98, 1171) converted methoxy- 
methylene-dimalonic ester into cyclobutane-1 : 3-dicarboxylic acid. 

The hydrolysis of CN in (VI) to carbethoxy did not prove success- 
ful. But (VI) gives after hydrolysis and esterification, ethyl o-methy]-a- 
(y-ethoxypropy])-succinate. 

Ethyl 68,bromo-a-carbethoxyvalerate (Biochem. Z., 1930, 226, 228) 
has been hydrolysed with hydrobromic acid and the semi-solid mass, so 
obtained, is treated with thionyl chloride and brominated in situ and 
ethyl ad-dibromovalerate (VII, R=H), after interaction with sodiocyanoace- 
tic ester gives (VIII) in very good yield, which has been obtained by Fuson 
(J. Amer. Chem. Soc., 1938, 60, 1237) in a different manner. On hydrolysis 
it gives crude trans-cyclopentane-1 : 2-dicarboxylic acid and the conversion of 
the cis-form has been accomplished through its anhydride (Perkin, loc. cit.). 


CHe CHe 
HC’ NCH'CO.Et HeC” NC(Me)—CO2Et 
CN | | CN 
HeC Cc < Het Cc 
COsEt CO.Et 


(Vn) (TX) 
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Similarly, from ethyl methylmalonate and trimethylene bromide, 
ethyl y-bromopropylmethylmalonate Ras been isolated in moderate yielc. 
‘The latter, on” hydrolysis with hydrobromic acid, gives the corresponding 
bromo-acid (i.e. y-bromopropyl methyl malonic acid), probably contaminated 
with the related lactone. On treatment with phosphorus pentabromice 
and bromine and subsequent addition of alcohol, ethy] «5-dibromo-a-methyl 
valerate (VII, R=Me) has been isolated. This on treatment with sodic- 
cyanoacetic ester gives the corresponding cyclopentanecyano-ester (CX) m 
89% yield. It is hydrolysed wlth concentrated hydrochloric acid to 
the pure trans-acid (I), m.p. 143°. 

It may be noted that the appearance of the contiguous carboxyl groups 
‘in cycloparaffin. dibasic acids assume cis- configuration in cyclobutane 
series (Perkin, J. Chem. Soc., 1894, 65, 583), a mixture of cis- and trans- 
forms in cyclohexane series (cf. Fuson, loc. cit.), and tans-configuraticn 
in the cyclopentane series, which is of particular interest in this investiga- 
tion. Oo 

When the cyano-ester (X) is heated in a sealed tube with concentrated 
hydrochloric acid, it is hydrolysed and decarboxylated to a mixture of 
cis- and trans-cyclopentane acids (I). The crude product is treated with 
acetic anhydride, whereby the anhydride of the cis-acid ig obtained as a 
gelatinous mass, b. p. ror°/4 mm., whence the cis-acid i$ obtained as 
clusters of small cubes, m.p. 124-26°. The range in m.p. indicates the’ 
partial formation of the anhydride. The cis- acid can also be obtained 
by heating the trans-acid with acetic anhydride and then distilling 
under reduced pressure, when a small amount of the anhydride is obtained 
as the distillate whence the acid can be isolated. 

If the trans-acid is heated with hydrochloric acid atgtgqo0-200°, there 
is an appreciable conversion of the trans- into the cis- variety, but the reverse 
change can not be brought about. The method of analysis is, however, 
crude, depending mainly on the change in melting points and not on 
thermal analysis. Special interest attaches to the, latter observation _n 
connection with the synthesis of Wieland’s tricarboxylic acid (II), where 
the carboxyl groups occupy trans-configuration. 

It inay be of interest to draw attention to the physical properties 
of the trans- and cis- cyclopentane- x- methyl-1 : 2-dicarboxylic aciis 
with the isomeric forms of cyclopentane-1: 2-dicarboxylic acids. Te 
cis-variety crystallises in small cubes, m.p. 142°, whilst the tans-variety 
melts at 161° and crystallises in plates. The higher m.p. and lesser sozu- 
bility are associated with the trans-acid, whilst lower m.p. and grea-er 
solubility in water are the properties of the cis-acid in this seties asin 
others, such as cis- and..trans- cyclopentane- x : 2-dicarboxylic -acids. 


4 
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Linstead has assigned definite structures to*the t*vo forms of cyclohexane-1- 
methyl-x : 2-dicarboxylic acids from’ similar considerations of physical 
properties alone. 


EXPERIMENTAL. 


Ethyl 1-Methylcyclopentane-2-cyanohydrin-1-carboxyate (1I1),—Hydro- 
cyanic acid, generated from potassium cyanide (37 g.) and -dilute 
sulphuric acid (37¢.c. in 4o c.c. of water), was passed into well cooled methyl- 
cyclopentanone-carboxylic ester (25 g ), to which a drop of potassium cyanide 
solution was added as a condensing agent. After standing overnight at 
0°, a few drops of ice-cold dilute sulphuric acid were added and a cur- 
rent of air blown through the liquid to remove excess of hydrocyanic acid 
gas. The mixture was diluted, extracted with ether, dried and distilled in 
vacuum after the addition of a drop of sulphuric acid, b-p. 122°/4 mm., 
yield 24 g. (Found : N, 6°7. C?.H,;03N requires N, 7’ per cent). 

1-Methyl-1-carbethoxy-2-cyclopenten-2-mitrile (IV, R=CN).—-To a 
cooled mixture of the cyanohydrin (24 g.) and pyridine (22 g.) was added 
thionyl chloride (17 g.) drop by drop. After standing overnight the 
mixture was heated on the steam-bath for 2 hours. The supernatant clear 
liquid was extracted with dry ether and the plastic mass left was decomposed 
with ice and then thoroughly extracted with ether. The combined ethereal 
extract was washed with acid and alkali, dried and distilled m vacuum. 
The distillate contained much sulphur, which was removed by refluxing 
with precipitated copper in benzene solution on the water-bath for 3 hours. 
After filtration, the solvent was removed off and the nitrile was distilled, 
b.p. roo-2°/4 mm., yield 13 g. (Found: N, 7°7. Cy2H,:0.N requires N, 
7.7 percent). | ; 

1-Methyl-A?-cyclopenten-1 : 2-dicarboxylic Acid (IV, R=COOH).—The 
unsaturated nitrile (13 g.) was refluxed with fuming hydrochloric acid 
(20 c.c.) for 15 hours. The acid was extracted with a large excess of ether, 
in which, however, it was sparingly soluble. On removal of the solvent, 
the acid crystallised out in stout needles, m.p. 202°, which rose to 204° 
after recrystallisation from acetic acid. It is sparingly soluble in water, 
yield theoretical. (Found : C, 56°8 ; H, 5°7. CsHi.Q, requires, C, 56°48; 
H, 5°8 per cent). 

trans-1-Methylceyclopentane-1 : 2-dicarboxylic Acid (1).—The unsatu- 
rated acid (V, 5 g.) was reduced with 1o times the theoretical quantity 
of 3% sodium amalgam in a slightly alkaline solution. The filtrate 
was acidified and thoroughly extracted with éther after saturation with 
sodium chloride. The oil, obtained aiter the removal of the solvent, 
solidified on standing and scratching. On repeated crystallisation from 
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water, it was obtained in small cubes,’ m.p. 142°, yield 2g. (Found: 2, 
85'9 ; H, 6’9. CsHi.0, requires C, 55°8 ; H, 69 per cent). 
8-Ethouyethyl-acetoacetic Ester (Ethyl y-ethoxyacetobutyrate ).—Io 
a well-cooled solution of sodium ethoxide, prepared from sodium (8 2.) 
and alcohol (92 ¢.c.), was gradually added a mixture of ethoxyethyl iod-de 
(97 g.) and ethyl acetoacetate (55 g.). The mixture was heated on the 
water-bath for r2 hours and then diluted with water, extracted with ether 
and washed with sodium bicarbonate and dried. The ester was obtained as 
a clear mobile iiquid, b.p. rro-13°/7 mm., yield 50g. (Found: C, 59'9; 4, 
8°7. CyeHigO, requires C, 59°4 ; H, 8’9 per cent). 

y-Ethoxypropylmethyl Ketone (V).—The above ester (50 g.) was hydro- 
lysed with sulphuric acid (8%, 400 ¢c.c.) by boiling for 20 hours. On cooling, 
the solution was saturated with ammonium sulphate and extracted with 
ether. ‘The ethereal extract was dried ower calcium chloride and after 
removal of the solvent through a fractionating column, the ketone was 
finally obtained from the residue as a mobile liquid, b.p. 169°, yield ac g. 
(Found : C, 64°8 ; H, 10'5. C7H,,O requires C, 64°6 ; H, 10°7 per cent). 

Ethyl o8-Dicyano-B-( y-ethoxypropyl )-butyrate (VI).—The ketone 
(20 g.), to which a drop of potassium cyanide had been added, was cocled 
in a freezing mixture. Hydrocyanic acid, generated from potassizm 
cyanide (30 g.) and sulphuric acid (30 c.c. in 45 c.c. of water} was graduelly 
passed into the ketone. After standing overnight at 0°, it was worked 
up in the usual way, when the cyanohydrin (19 g.) was obtained, b.p. 1227/9 
mmm. Toa mixture of this cyanohydrin (17 g.) and dry alcohol (12 ¢.2.), 
cooled in a freezing mixture, was added with shaking, ice-cold alcoholic 
suspension of ethyl sodiocyanoacetate (prepared from 15 g. of ethyl cyanoece- 
tate and 45 c.c. of alcohol). After standing for 3 days at érdinary tempera- 
ture, the mixture was decomposed with ice and hydrochloric acid. ‘he 
heavy oil was extracted with ether, washed with alkali and with weter 
arid finally dried. The dicyano-ester was obtained as a viscous liquid, 
b.p. 170-75°/7 mm., yield 14 g. (Found: N, ro‘qt. CisH2oO,Nz2 requires 
N, 11°r per cent). , : 

Ethyl o-Cyano-B-(y-ethoxypropyl)-crotonate.—A mixture of y-ethcxy- 
propylmethyl ketone (x5 g.), ethyl cyanoacetate (11.3 g.), acetamide (2 g.) 
and glacial acetic acid (24 c.c.) was taken in a flask fitted with a fractionat- 
ing column and directly heated over a small flame. The temperature was 
so maintained that acetic acid (24 c.c.) distilled off in about 3-4 hours, 
The residue was cooled, diluted with water, extracted with ether and wached 
with sodium bicarbonate. From the ethereal solution the unsaturated 
ester was isolated, b.p. 135°/5 mm., yield 20 g. (Found : N, 6°3. Cx2His)3N 
réquirés N, 6°2 per cent). 
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Ethyl «B-Dieyano-B-(y-ethoxypropyl)-butyrate (VI).—To a solution 
of the foregoing unsaturated cyano-esfer (11 g.) in alcohol (95%, 60 c.c.) 
was added potassium cyenide (65 g. in 35 c.c. of water), ‘I'he mixture 
became warm and was cooled in ice. Next water (35 c.c.), and hydrochloric 
acid (d 1°15, 8 c.c.) were added with cooling. After standing for 20 minutes 
at ordinary temperature the reaction mixture was poured into 250 ¢.c. of 
ice-cold dilute hydrochloric acid. The precipitated heavy oil was extracted 
with ether, dried and distilled, yield 10°5 g., b.p. 167-69°/6 mm. (I‘ound : 
N, 12°6. CysH2.O3N requires N, x17 per cent). 

Ethyl o-Methyl-o-(-y-ethoxypropyl)-succinate.—The above dicyano-ester 
(45 g.) was hydrolysed with dilute sulphuric acid (108 c.c. in 360 c.c. of 
water) for 72 hours, when most of the oil went into solution. After saturation 
with ammonium sulphate, the solution was thoroughly extracted with ether. 
The reddish gum (30 g.), obtained from ether, was dried in vacuum and 
esterified by refluxing for 24 hours with a mixture of alcohol {200 c.c.) and 
sulphuric acid (30 c.c., d 1°84). After working up in the usual way, it was 
collected at 134°/5 mm., yield 26 g (Found: C, 61°3; H, g'05. CysHo60; 

~ requires C, 61°3 ; H, 94 per cent). 

It may be mentioned that the use of sulphuric acid of higher concen- 
tration for hydrolysis resulted in the decomposition of the product. 

Ethyl «8-Dibromovalerate (VII, R=H).—Ethyl y-bromopropylmalonate 
(26 g.) was hydrolysed with hydrobromic acid (48%, roo c.c.) for 8 hours. 
After dilution with water, the heavy layer was extracted with ether and 
the extract dried in vacuum for several days after removal of the solvent. 
It was subsequently treated with thionyl chloride (8 c.c.) and then heated 
on the water-bath for about 2 hours until the initial reaction was over. 
After cooling, bromine (8 c.c.) was gradually added to the mixture and 
it was left overnight at ordinary temperature ; after which it was heated for a 
day with additions of bromine until the colow persisted. The mixture 
was then treated with alcohol (50 c.c.) and refluxed for 2 hours. After 
working up in the usugl way, it was collected at 111-12°/5 mm., yield 19 g. 
(Found : Br, 55°1. C,H4.0, Bre requires Br, 55°5 per cent). 

Ethyl 1-Cyano-cyclopentane-1: 2-dicarboxylate (VIII).—The foregoing 
dibromo-ester (19 g.), diluted with a little alcohol, was added slowly toa 
well-cooled suspension of ethyl sodiocyanoacetate in aclohol, prepared from 
cyanoacetic ester (15 g., 2 mols), 3°3. g. of sodium (2 mols) and alcohol 
(so c.c.), Considerable amount of heat was evolved and the alcohol began 
to boil. After standing at ordinary temperature overnight, the mixture ; 
was refluxed over a free flame for 24 hours. The product was poured into 
water, extracted with ether and the extract was thoroughly washed with 
water, when most of the colour was removed, The residue was worked 
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up in the usual way -and then distilled in vacuum, the fraction b.p. 130- 
42°/4-mm. being collected, yield 12'5°g. On redistillation practically the 
whole of it passed over at 132°/3 mm. asa colourless viscous oil (Fuson, 
loc. cit., records b p. 135-36°/3'5 mm for this compound). (Found: C, 60°r; 
H, 6°8. Cale. for C,.Hi,0,N : C, 60'2; Hy, 6°7 per cent). 

The above cy&no-ester was hydrolysed according to Fuson (loc. cit.), 
when a substance, m. p. 153-58°, evidently crude cyclopentane-1: 2-dicar 
boxylic acid, was isolated. This was converted into the anhydride of the cis- 
form by refluxing with acetic anhydride for 7 hours, whereby it was obtained 
as a gelatinous mass boiling at roo°/4 mm. ‘This, on boiling with water 
gave the pure cis-acid, m. p 141°. 

Ethyl «-Methyl-«-carbethoxy-6-bromovalerate —To ethyl sodiomethy]- 
malonate, prepared in benzene solution by the gradual addition of ethy! 
methylmalonate (50 g.) to finely powdered ,sodium (6 g.), trimethylene 
bromide (60 g.) was added and the mixture refluxed on the water-bath 
for 16 hours. After working up in the usual way, the fraction boiling 
at 150-75°/14 mm. was collected and redistilled at 153-55°/12 mm., yield 
28 g. (Found : Br. 27°0. C,,HisQ.Br requires Br, 27°1 per cent). 

Ethyl «8-Dibromo-a-methylvalerate (VII, R=Me).—The above ester 
(25 g.) was hydrolysed with hydrobromic acid (48%, 150 c.c.) by refluxing 
over afree flame for 16 hours. On the addition of water, a heavy oil 
separated at the bottom, which was extracted with ether. After removal 
of the solvent, the residual liquid was dried over potassium hydroxide 
for 2 days, yield r2 g. This product (18 g.) was treated with phosphorus 
pentabromide and the mixture allowed to stand-for 4- hours at the ordinary 
temperature Bromine (8 c.c.) was added and the mixture left 
overnight. It was ‘heated on the water-bath for 12 heurs with the 
addition of a further quantity of bromine until the colour persisted. ‘Then 
it was poured into absolute alcohol (125 c.c.) with ice-cooling. After 
refluxing for 2 hours it was worked up in the usual way, b. p. 118-20°/6's 
min., yield 24 g (Found : Br, 50°0 C,H,,O2Br, requires, Br, 50°3 per cent). 

Ethyl 1-Cyano-2-methyl-cyclopentane-1 : 2-dicarboxylate (IX).—The 
above dibromo compound (23 g ) was added to ethyl sodiocyanacetate, 
prepared from ethyl cyanacetate (17 g.), sodium (3°6 g.) and alcohol (55 c.c.), 
when the initial vigour of the reaction subsided, it was refluxed over a 
free flame for 30 hours. The -product was worked up as before and the 
fraction, b. p. r10-22°/1 mm., collected and redistilled at 118-20°/x mm., 
yield 15°5 g. (Found: C, 61°3; H, 75  CisHisO.N requires C, 61.6; H, 
7°5 per cent). 

trans-1-Methylcyclopentane-1: 2-dicarboxylic ‘Acid (I).—The above 
cyano-ester (6 g.) was hydrolysed with fuming hydrochloric acid (35 c.c.) 
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over a free flame for 30 hours, then ¢gncentrated and cooled when crystal- 
line precipitate separated. The crude acid had m. p. 137-39°. On 
erystallising from water, it was obtained in beautiful radiating cubes, m. p. 
143°, the mixed m. p. with the acid obtained previously showéd no depres- 
sion. (Found: C, 559 ; H, 6°8 CsH.0, requires C, 55°8 ; H, 6'9 pér cent). 
cis-1-Methylcyclopentane-1 : 2-dicarboxylic Acid (1 ).—8 G. of the 
above cyano-ester (X) was heated in a sealed tube with fuming hydrochloric 
acid (35 c.c.) for 3 hours at 160° and at 180° for g hours ‘The mixture 
(slight tar formed) was extracted with ether and the residue from ether 
was repeatedly charcoaled in aqueous solution. Some difficulty was 
experienced in crystallisation, for it evidently consisted of 2 mixture of 
cis- and trans-forms. Ultimately the solution was very slowly cooled 
after the addition of a few drops of hydrochloric acid and the separated mix- 
ture had m.p. r07-128°. (Bound: C, 56°08; H, 6°56. C,H,.0, requires 
C, 55°8, H, 69 per cent). 

The mixture (2 g.) was refluxed with acetic anhydride (20 c.c.) for 
to hours and after removal of the latter, the anhydride was obtained as a 
gelatinous mass showing a tendency to crystallisation and b p. 101°/4 mm., 
yield 1.xg- A residue also remained in the flask. The anhydride 
was refluxed with dilute hydrochloric acid for 7 hours. On concentrating 
the solution, a sandy crystalline powder separated. This was recrystallised 
from water containing hydrochloric acid, when it was obtained as ciusters 
of small cubes. A fresh sample dried over a porous plate showed m. p 
124-26° with previous softening at y20°, but after drying in vacuo over 
sulphuric acid fora week had m. p. r20-25°. (Found: C, 56°3; H, 64 
C,H,.0, requires C, 55°8 ; H, 6’9 per cent). ; ; ; 

Conversion of the trans-Acid into cis- form and vice versa.—The pure - 
acid (xo g., m. p. 142°). was heated with fuming hydrochloric acid (15 c.c) 
at 190-200° for 12 hours. The separated solid was collected with adhering 
tarry matter and repeatedly treated with animal charcoal in aqueous solution 
until colourless. Th@ solution was allowed to crystallise slowly after the 
addition of a tittle hydrochloric acid. The m. p. of successive crops was 
indefinite between 120 and 135° showing thereby that the trans-acid was con- 
taminated with the cis-isomer. Similarly when 3g. of the cis-acid were 
treated under similar conditions, the product was found to melt within 
5° of the value recorded for that of the pure cis-acid (124-26°) 

My grateful thanks are due to Prof. P. C. Mitter for his valuable 
suggestions, kind interest and encouragement during the course of this 
investigation. 
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SYNTHESIS OF NEW LOCAL ANAESTHETICS. PART V. 
By K. N. Garp, J. N. Ray AND Bapri SARIN. 


Diethylamino and piperidino derivatives of 5-, 6- and 8-acylaminoquinolines hav2 
been prepared and their local anaesthetic properties studied. Similar compounds of = 
aminocarkazole have also been synthesised and are found to have potent anaestheti 
efficiency as tested on rabbit's cornea. 


In order to find out whether a simple amide grouping can act as au 
anchor for the production of local anaesthetic properties, some amides with 
a basic side-chain have been described (Part IV). It seemed that th= 
extension ‘of the principle to the quinoline series will result in the produc 
tion of compounds of even more potent local anaesthetic activity. For ths 
purpose, 6-aminoquinoline has been converttd imto chloroacyl derivatives 
(I) and these have been further interacted with diethylamine and piperidine 


e es (CH.2)aCl Ce ike (CHa) aR 


N (I) ; N (II) 

The related products (piperidino-or diethylamino-acylaminoquinolines) 
with the side-chain at position 5 and 8, have also been prepared. Tke 
latter (side-chain at 8) have been found to have pronounced local anaesthetic 
activity, whilst the activity is much less in those compoutds where the side- 
chain is attached at position 5 or 6. 

The dihydrochloride of 3-w-piperidinoacetylaminocarbazole (III) hes 
been found to have very strong local anaesthetic properties. P 


Boer (CHa)a"N (CsEio) 
MS er 
NH 


(IIT) 


EXPERIMENTAL. 


6-Aminoquinoline was prepared essentially by the method of Knueppei 
(Annalen, 1900, 310, 75), but the dark viscous product was extracted ina 
Soxhlet with ether and then recrystallised from benzene, m.p. 115°, yied 
7 g. from 15 g. of 6-nitroquinoline. 

6-w-Chloroacetylaminoquinoline (I, n=1).—The foregoing aminoquim- 
line (5 g.) in benzene (30 c.c.) suspension was shaken with normal sodium 
carbonate solution in such a manner that the base accumulated at the 
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interface. Chloroacetyl chloride (xz mol.),‘dissofved in benzene, was made 
to run along the sides of the flask whieh was kept rotated. After standing 
for 2 hours, the mixture was thoroughly shaken, the solids collected and 
then crystallised from lot toluene in prisms, m.p. 154°, yield 4°5 g. 
(Found : N, 13°30. Ci:H,ON,Cl-requires N, 13°15 per cent). Alternatively 
the aminoquinoline (5g.), dissolved in acetic acid (20 «c.) and a saturated 
solution of sodium acetate in water (20 c.c.), was treated with chloroacetyl 
chloride (2°7 c.c.) in the ice-cold. The product was precipitated with 
a large quantity of water and crystallised from hot toluene, yield 5 g. 

6-w-Piperidinoacetylaminoquinoline (II, n=xz, R replaced by piperi- 
dino.).—The foregoing chloro compound (4's g.), dissolved in absolute alcoho! 
(100 c.c.), was mixed with anhydrous sodium carbonate (1°6 g) and then 
refluxed after the addition of piperidine (2°5 g.) for 5 hours. ‘The residue 
after the removal of alcohol from the filtered solution was well washed 
with water, dissolved in ether, dried, and then the soivent removed. 
Crystallised from hot petroleum ether (pointed rods), it had m.p. 101°, 
yieldag. (Found : N, 15°61. CysHi,ONs requires N, 15°40 percent). The 
hydrochloride, prepared with ethereal hydrogen chloride in ether, crystallised 
from a mixture of alcohol and ether, m.p. 133°. (Found: Cl, 20’6o. 
CisH,yON;, 2HCI requires Cl, 20°76 per cent). 

Similarly 6-w-diethylaminoacetylaminoquinoline was prepared with 
diethylamine in place of piperidine and was crystallised from petroleum 
ether in rectangular plates, m.p. 86°, yield 3 g. (Found: N, 16’25. 
C,;H,.ON; requires N, 16°34 per cent). The hydrochloride crystallised from 
amixture of alcohol and ether, m.p. 250°. (Found : Cl, 21°80. C,;;H,;,ONs, 
2HCl requires Cl, 21°4 per cent). 

6-8-Chloropropionylaminoquinoline was prepared in a manner ana- 
logous to the related chloroacetyl derivative and the product crystailised 
from dilute alcohol in prisms, m.p.178°. (Found: N, .11-98. Ci2.H,,ON,Cl 
requires N, 11°84 per cent). 

6-B-Piperidinoprogionylaminoquinoline, ptepared from the foregoing 
chloro compound in ‘the manner described, was crystallised from dilute 
alcohol in pentagonal plates, m.p. 67°. (Found: N, 14°86. Ci;H2,ON; 
requires N, 15°17 per cent). 

' 6-w-Diethylaminopropionylaminoquinoline, prepared as described before, 
was obtained as an oil. The base was converted into the dipicrate, m.p. 
180° after crystallisation from alcohol. (Found: N, 172. CssHe,OisNs 
requires N, 17°28 per cent). 

The analogues of the foregoing compounds were prepared fiom 8- and 
s-aminoquinolines by. method essentially the same as described and the 
compounds are described in Table I. 
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e  * Taste I. 


Substance. Crystallied from. M.p. Analysis. 
Found. Cale. 
8-w Chloroacetylamino- 33% Alcohol 131° N, 12.56% WN, 12.72% 
quitioline 
8-w Piperidinoacetylamino- : 2 
. quinoline hydrochiride Dilute acetone. 77° 
(decomp.) 11°83 14°28 
8-8-Chloropropionylamino- 
quinoline Dilute alcohol 88° 11°76 Ir'o4 
8-8-Piperidinopropionvl- Petroleum ; 
aminoquinoline - ether 108° 14°37 14°84 
The hydrochloride. » Alcohol-ether 
189° 1x79 1201 
(decomp.) 
8-8 Diethylaminopropionyl- . 
aminoquinoline dipicrate Alcohol 167° 17°52 17°28 
5-w-Chloroacetylamino- 
quinoline hydrochloride Alcohol * 157° Cl, 27°48 = Cl a7"62 


(prepared in ethereal _ 
solution of the reactants) 


5-w-Piperidinoacety1- 


aminoquinoline. Water - 62° - N, 15°86 N, 15‘6x- 
5-w-Diethylaminoacetyl- . 

aminoquinoline dipicrate Alcohol 203° 17°48 17°63 
5-8-Chloropropionylamino- . 

quinoline hydrochloride Alcohol 226° 10°13 10°33 
‘prepared in ether sclution (decomp.} : 

of reactants) 


. 


Dipicrate of 5-8 piperidino- reo 
propionylamino-quinoline. Alcohol 230° - 16°8r 17°00 


Carbazole Series. 
3-w-Chloroacetylamino- 


carbazole Dilute alcohol 203° N, 10.78 N, 10,£ 5 
(a) 3-@ Piperidinoacetyl- - e 
aininocarbazole. Dilute alcohol 175° 13°52 13.63 
Dihydrochloride of (a) Alcohol-ether. 280° Cl, 18°34 Cl, 18.€8 
(b) 3-w-Diethylaminoacety]- - ns 
‘ aminocarbazole Dilute alcobol 99° N, 14.51 N, 14.24 
Dihydrochoride of (b) ~Alcohol-ether, 232° | Cl, 19.02 Cl, 19.28 
3-B-Chioropropionvlamino- 
_ carbazole, Alcohol 228° N, 10.42 N, 10.20 
(decomp.) 
(c) 3-8-Piperidinopropionyl- 
aminocarbazole Benzene 219° N, 14.86 N, 15 27 
Dihydrochloride of {c) Alcohol-ether. 298° Ci, 17.78 Ci, 18 ca 


3-Aminocarbazole was prepared according to Perkin and Plant (J. 
Chem. Soc., 1924, 125, 1512). 

The above substance3 were tested for local anaesthetic activity by the 
rabbit’s cornea method and Table LI shows the results, 


5 : 
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Tasie IT... 2 


(The figures in parenthesis are for*cocaine used as a standard). 


Time for onset of anaes- Duration for which 
~ thesia : complete loss complete loss of reflex 
of reflex action. action lasted. 
Hydrochloride of 6-w-piperi- “ Incqmplete anaesthesia 
dinoacetylaminoquinoline Never complete (1-1/2 min) for 28 min. (36 min.) 
Hydrochloride of 6-w-diethyl- Incomplete anaesthesia 
aminoacetylquinoline + (1 min} for 24 min. (37 min.} 
Hydrochloride of 6-8-piperi- aa 
dinopropionlyamino 
quinoline * {i min ) ys for 12 min. (36 min.) 
Hydrochloride of 6-8-diethy]- 
aminopropionylamino- ‘ 
quinoline. 55 (7-1/2 min ) » forzomin (36 min} 
Hydrochloride of 8-#-piperidi- : 
noacetylaminoquinoline 4 minutes (1 min.) 48 min. (35 min.) 
Hydrochloride of 8-8-piperi- ; 
dinopropionylamino- . ; 
quinoline 3 minutes (1 min.) 4§ min. (36 min.}.  * 
Hydrochloride of 8-8-diethy}- 
aminopropionylamino- . ; : : 
quinoline 4 minutes (x min.) 44 min. (37 min } 
Hydrochloride of 5-w- piperi- : Incomplete lasting for 26 
dinoacetvlaminoquinoline Never complete (x min.) min (36 min.) 
Hydrochloride of 5-w-diethyl- : a 
‘aminoacetylaminoquinoline | Never complete (1 min.) » for 24 min. (36 min) 
Hydrochloride 5-8-piperi- , Gir 
dinopropionylamino- Incomplete lasting for 
quinoline Never complete (1 min.) 23 min. (35 min.) 
Hydrochloride of 8- diethyl- ; a Bt 
aminopropionylamino- ; ‘ Incomplete lasting for 
quinoline Never complete (1 min.) 18 min (36 min.) 
Hydrochloride of 3- «-piperi- . ; Le 
dinoacetylaminocarbazole . 2 min. (1-1/2 min.) -O4 min. (37 min.) 
Hydrochloride of pw-diethyl- . 
aminoacetylamino- 4 . ae F 
carbazole a-1/2 min, (x min.! 86 min. (36 min.) 


From the foregoing table it will appear that ‘only 8-aminoquinoline 
derivatives possess local anaesthetic activity, whilst the related 5 or 6-amino 
quinolines do not show satisfactory results. The derivatives of 3-amino- 
carbazole cause profound local anaesthesia, approximetely possessing about 
three tines the potency of cocaine. 

The toxicity and other details are being worked out One of us 
{K.N.G) is indebted to the Lady Tata Memoria: Trust for a maintenance 

, grant. 
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COMPLEX CHROMIUM SELENATES. 
By ProposH CHANDRA RAYCHOUDHURY 


e 
‘Two modifications of chromium selenate, blue and green, have been described art 
their as one -They differ from the ee described by Meyer. 


Three “different modifications of chromium sulphate are described 
one of which is violet and the other two green. The green chromic sulphates, 
froma consideration of their properties, are regarded to have comple= 
constitutions. One of these, in which all the sulphate radicais are non- 
ionisable, is considered to be chromium-chromiulphate, Cr[Cr(SO,)s]- 
Many complex compounds of chromium sulphate, such as chromo-sulphates, 
chromo-sulpho-chromates and the corresponding acids have been described 
by Re-coura (Compt. rend., 1892, 114, 4773; 1893, 116, 1367; 1893, 117, 37, 
ror; Bull-Soc. chim., 1896, iii, 15, 315 ; 1897, iti, 17, 934). 

In a previous paper (J. Indian Chem. Sec., 1939, 16, 653) it has beer 
shown that chromic chromate also possesses a complex constitution, 
Cr”"[Cr(CrO,)s] 320 or Cr” [Cr”"(CrOq)s (H20)s] - 

It is well known that sulphuric and selenic acids resemble each othe- 
closely and it was not. unexpected that complex compounds of chromium 
and selenic acid analogous to complex chromium sulphate would be report- 
ed. Meyer (Z. anorg. allg. Chem, 1921, 148, 1) has described two 
modifications of complex chremium selenates, gieen and violet, besides 
a triselenatochromic acid. Sarkar and Bhattacharyya have studied the 
properties of chromoseienic acid. and chromosulphoselenic atid and thei- 
salts (J. Indian Chem. Soc. +1 19301, 7, 765). 

The violet and green selenatés of Meyer were represented by the 
following constitution and formulae respectively. _[Ci(H.O),].(SeO,); 

3 or 4H,0 prepared from violet chromium nitrate and’ concentrated selenic 
acid, and [Cr(SeO,)(H20),],SeO, or [{Cr(H,0),}:Se0,] (SeOu)s preparec 
from the violet salt by drying it at go°. 
: In;the present--paper two modifications of chromium selenate, blue 
and green, have been described, which differ in composition and in certair 
properties from those described by Meyer. ~ 


ae ‘5. EXPERIMENTAL : i 
Blue Chromium Selenate, Cr. (SeO,)3, 17H.0. 


A ‘lage “éxcess of freshly prepared silver selenate was triturated with: 
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: ‘ . 
a conccentrated solution of chromium chloride. The mixture was kept aside 
for two days and then filtered. The blue filtrate was tested for silver and 
chlorine and any excess of either was removed by the cautious addition of 
chromium chloride or silver selenate. Any precipitate formed was removed 
by filtration. ‘The blue solution was afterwards evaporated in a vacuum 
desiccator to dryness. The residue was digested with glacial acetic acid, 
filtered and. kept in a desiccator over KOH till free from -acetic acid.: 
[Found: Cr, 12°46; Se, 28°39. Cra(SeO,)s, 17H2O requires Cr, 12°40,; Se, 
28'27 per cent]. The substance forms a blue powder which | ‘loses 8 
molecules of water at 105°, and 13'5 molecules at 165°. : OR eS 


Cryoscopic measurements. 
6 fi ; 


Substance Dep. 4. Mol. wt. Vant-Hoff’s factor , “Degree of disso:"" 
(g./100 ¢.c. water), m. : .. . elation, 2! 
i : __™ - dee =U, 
a” ae a rr 
s = or oe 5 at As cask li 
1°90 0°146 196 “2719 0°43 approx, 
bi : . os hen F . 
0°795 o'085 = «| 1626 - 3°278 - 0°57 ~ 


(M=mol. wt. calculated on anhydrous basis=533) 
Molecular conductivity at 35°. ° ; 


v (dilution in lites)... 128 - 256 512 1024 - 2048 4096. 


Be i wee 4II°39 476°93 542°2r ° 621'2x 718°85 814'56 


The conductivity values correspond -with those found for the violet 
chromium sulphate sollition at the same temperature by Winston and Jones: 
(Amer Chem. J., 1911, 46, 368). 

v (dilution in litres) Se 128 512 1044-2 4096 

He aes UO se *360°5 562 . 598 - “859 

The magnetic susceptibility of the blue salt at 30° measured ina 
Curie’s balance gave xym=12'8x107° and Pwetss =18%0. 


The values are in good agreement with that for simple chromic ion. 


7 we bs S ‘ = x We 
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The substance is very soluble in water. ‘The solution of the blue salt 
becomes green on heating. . 

A freshly prepared blue solution treated with an excess of a soluticn 
of barium nitrate gives a white precipitate of barium selenate in the cold. 
The filtrate on boiling gives a further white precipitate of barium selenate. 
On treatment with dilute silver nitrate the solution of the blue salt gives a 
white precipitate after sometime. ‘The solution reacts acid to litmus. TI is 
blue sait’ differs - from the violet chromic selenate, described by Meyer,” 
having the constitution Cr.(SeO,)s, 15 or 16H ,O, in which the whcle 
of the selenate is completely and immediately precipitated by salts of barium. 
Moreover, the biue salt unlike Meyer’s violet selenate gives no gre2n 
precipitate of triselenato-chromic acid, H,[Cr(SeO,),], when its boiling 
solution is treated.with alcohol. 


Green Chromium Selenate, Cr. (SeO,)5, 13 HO. 


The blue solution of Cr.(SeO,);, 17 H.O was evaporated to dryness or a 
water-bath. The green residue obtained was digested with glacial aceiic 
acid and dried over solid KOH in a desiccator till tree from acetic acd. 
[Found : Cr, 13°43; Se, 30°60. Cre(SeO,)3, 13H2O requires Cr, 13°55; 
Se,.30°94 percent] The substance forms a beautiful green powder whzch 
loses 3°5 molecules of water at 105° and 6 molecules at 165°. 


Cryoscopic measurements. 


Substance Dep. A Mol wt. Vant Hoff's factor Degree of disso- 
(g./r00 c.c, water) m ° ciation. 
t Tt = ir 
M aT ee 
I°SO1s 0185 146°2 3°645 0661 
0°F505 0106 127°6 4196 o 796 


(M.=Mol. wt. calculated on anhydrous basis= 533), 


Molecular conductivity at 35°. 
v. (dilution in litres)... 64 128 256 512 To24. 2048 = dog 
He os3 ac 422'2r 48x02 546°56 61x84 gx'2 7598 = 8478? 


The magnetic susceptibility of the green salt at 30° measured ina 
Curie’s balance gave Xm=12'46 x 107° and Pyeiss = 17°0 approx. 


\ 
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solution which reacts acid to litmus.® The\|green solution on treatment 
with excess of barium nitrate gives a white ptecipitate of a barium selenate 
inthe cold. The filtrate on boiling gives a further quantity of barium 
selenate Silver nitrate solution gives a small quantity of silver selenate. 
The bluc salt is easily convertible into the green variety with rise of lempera- 


e e 
The green salt is scluble in water mi great difficulty toa green 


<sluire, ; 
: From a consideration of their properties it seems that there 1s a little 
difference in the behaviour of the two salts. ‘The blue salt possibly contains 
less of selenate radical, co-ordinately bound, than the green vatiety. ‘The 
green selenate described in this paper possibly corresponds with that 
described by Meyer differing only in the amount of hydration. ‘The blue 
salt may be regarded as the intermediate product between Meyers’ violet 
and gieen selenates as represented below : 
[Cr(He0}.] 2(SeO,)3—> {Cr(H.0),—SeO,—Cr(H 20)s| (SeO,) 
Violet ° Blue 


—> [or 20) s1o8e0., 


Green 


My sincerest thanks are due to Prof. P. Ray, who suggested this piece 
of work, for his kind guidance and advice during the course of work in his 
laboratory. 
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THE INFLUENCE OF TEMPERATURE ON THE ELECTRICAW 
CONDUCTIVITY AND VISCOSITY OF AQUEOUS 
+ .MERCURIC CHLORIDE. 


By SripHAR SARVOTTAM Josai AND DusHyvANt NARASINGASA SOLANKI. ” 


Conductivities and viscosities of aqueous mercuric chloride of 0'125M —0'00939M cor c. 
have been determined within 15° to 40°. The conductivity is extremely low almost eqral 
to that of non-electrolyte It increases, however, more rapidly with temperature (abcut 
3-8 to 62%) than is observed in aqueous solution of strong electrolytes. It is 
considered that the ionisation of HgCl, involves, besides those derived from its binary 
dissociation, other and tnore complexions. This nflght explain in part the observed 
discrepancy from Kraus and Bray’s formula. Authors’ data for the influence of 
temperature on conductivity are in agreement with Kohlrausch’s equation. Tue 
variation of viscosity with concentration and temperature can adequately be expressed 
by Berl and Umstitter and Karrer's equations The temperature coefficients of viscosity 
of HgCl, solutions are almost equal to those of the pure solvent, water. It is also se-n 
that the temperature coefficient of viscosity of solvent (water) remains unaltered inspite of 
the varying concentration of HgCl, present in the system. Anthors’ data for tne 
influence of temperature on viscosity are in agreement with Bousfield and Lowrr's 
equation. 


‘The very low conducting nature of mercuric chloride,-both in the solid 
and molten state was, perhaps, first established by Faraday (Phil. Tranc., 
1834, 124, 77; 1838, 128, 83), Clark (Phil. Mag., 1885, v, 20, 37), Hampe 
(Chem. Zig., 1887, 14, 904), Fritsch (Ann. phys. chim., 1897, ii, 60, 308), 
Foot and Martin (Amer. Chem. J., 1909, 44, 454) and others. Co.d 
saturated solution of mercuric chloride was found by Hampe (lec. cit.), 
Faraday (loc. cit.) and Morse (Z. physikal. Chem., 1902, 44, 7c) 
to be a poor conductor of electricity. The conductivity of aqueous 
solutions has been measured by Grotrian (Wied. Ann., 1883, 18, 192), 
Fitzpatrick (Phil. Mag., 1887, v, 24, 384), Ley and Kissel (Ber., 1899, 
32, 1358), Jones and Oata (Amer. Chem. J., 1899, 22, 12), Kahlenhe-g 
(J. Phys. Chem., t901, 5, 339) and Holdermann (Arch. Pharm., 1005, 
243, 616). Ley (Ber., 1897, 30, 2195; Z. physikal. Chem., 1899, 80, 247) 
demonstrated that the conductivities are rather less with plain than wih 
platinised platinum electrodes. Arctowsky (Z. anorg. Chem., 1885, 3, 
188) found that the electrical conductivity of aqueous solution increases 
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perceptibly on standing, presumably because of hydrolysis and the corres- 
ponding formation of hvdrochloric acid. That the dissociation constant 
for HgCl, is of a very low order and that the dissociation takes place in 
stages has been demonstrated by the work of Luther (Z. physikal. 
Chem., 1901 36, 402; 1904, 47 107) and Sherill (ibid., 1903, 48, 734; 
1904, 47, 103). Kohlransch and Nippoldt (Ann. phes. chim., ii, 26, 
161) and Kohlrausch and Grotrian (Dingl. Polyt. J., 144, 337) 
carried out investigations on the temperature coefficients of conductivity 
of several electrolytes in aqueous solutions. Their results were further 
confirmed by Schaller (Z. physikal. Chem., 1898, 25, 497). Eversheim 
(Ann. Physik, 1902, iv, 8, 539) studied the electrical conductivity of HgCl, 
in organic solvents, ethyl chioride and ethyl ether, at different tempera- 
tures and aiso measured the dielectric constant at different temperatures. 
Rasch and Hinrichsen (Z Elektrochem., 1908, 14, 41) from conductivity 
measurements at different temperatures arrived at the expression 


dlog K__ sq 
dT RY? 





connecting K, the conductivity of an electrolyte and temperature. 
Noyes (J Amer. Chem. Soc., 1908, 80, 335) from the study of the 
effect of temperature on the conductivity and ionisation of acids, 
bases and salts came to a definite conclusion that in general the ionisation 
decreases steadily with rise of temperature in the case of every substance 
investigated by the authors; the effect of temperature on ionisation of 
salts is comparable with its effects on the dielectric constant of water. 
Bousfield and Lowry (Proc. Roy. Soc., 1902, A741, 42) concluded that the 
two factors which determine the form of temperature-conductivity curves 
are: (a) the increase of 4 and decrease of ionic mobilities with falling 
temperature ; (b) the decrease of ionisation with rising temperature; and 
the temperature coefficient of conductivity will be positive or negative 
according as one or ‘the other of these two factors predominates. ‘The 
authors also showed that the viscosity-temperature relation can be expressed 
by the formula 


1 a=7,l1+a(t—18) + B(t—18)2] 


analogous to Kohlrausch’s formula (Proc. Roy. Soc., 1903, A741, 338) for 
conductivity, 


K, =Kya[1+0(t—-18) + B(é—18)?] 
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the coefficients a, and 8, being nearly fhe same in both the formulae whea 
applied to water. Jones and West (Amer. Chem. J., 1905, 84, 357; 190Cc, 
42, 520) showed that the percentage dissociation and percentage temperatur= 
coefficients of conductivity decrease as the temperature is raised. Their 
results are in close harmony with the observations of Ramsay and Shields 
(J. Chem. Soc., 1893, 63, 1089) and Dutoit and Astons hypothesis. Th2 
data of Vonwiller (Phil. Mag., 1904, vi, 7, 655) also lead to the sam= 
conclusions. Jones (Amer. Chem. J., 1906, 35, 445) further pointed out 
the bearing of hydrates on temporary coefficients of conductivity in aqueous 
solutions, The relation between the nature and properties of solvent 
and its ionising capacity, electrical conductivity and its temperature 
coefficients in aqueous and non-aqueous solutions of salts have been 
investigated by many workers*. 

From the viscosity measurements of aelarge number of electrolytes 
Taylor and Moore (Proc. Roy. Soc. Edin., 1908, 27, 46x), Getman (J. 
Amer. Chem. Soc., 1908, 80, 721; J. chim. phys., 1907, 5, 344) and others 
have shown that there are two types of salts, one type-showing ‘positive’ 
viscosity effect and the other type showing ‘negative’ viscosity effect 
and that the viscosity of salt solutions cannot be regarded as simply aa 
additive property. ‘They further showed that the cations in opposition 
to undissociated molecules and anions, tended to diminish the viscosity cf 
water and in general, this lowering effect of the cation was shown to b= 
proportional to its atomic volume by Jones and Veazey (Amer. Chem. J. 
1907, 87, 405); anions and non-dissociated molecules, on the other hand, 
were shown to increase the viscosity of the solvent. The molecular: 
complex formation also was shown to affect the viscosity to a remarkable 
extent. ‘Tamman and Rabe (Z. anorg. Chem., 1927, 162, 15) studied th= 
effect of temperature on the surface tension of electrolytic solutions. A 
general formula of the type 


yg 90/1=1—0-02013 V7 C — 0-20087 GC 


has been deduced by Jones and Dole (J. Amer. Chem. Soc., 1929, 54, 
2950), the coefficient / Cis negative for strong electrolytes and zero foz 
non-electrolytes and the coefficient C is megative for those salts which 
increase the viscosity of water at all concentrations. Falkenhagen and 


® Giulio Coffetti (Gazzetta, 1903, 83, 53), White and Jones (Amer, Chem. J., 190c, 
42, 520), Inclan (Annal. Fis. Quim., 1906, 4, 94), Kohlrausch and Maltby SASS: Abhandi 
Phys. Tec. Reich-Sanstalt, 1900, 8, 155) and others. 
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Dole (Z. physikal. Chem., 1929, B6,"459) proposed a square root law for 
the viscosity of strong electrolytes, 7,=7,(rt+A¥v C) where C is the nor- 
mality of the solution, 7, and 7,, the viscosity coefficients of the solution and 
solvent respectively, and A isaconstant. Berl and Umstitter and Karrer 
(Z. physikal. Chem., 1931, 152, 284) proposed equations, to express the 
variation of viscosity with temperature and concentration, . 


log I= B-A, log 7=KC, 


where C is volume concentration, T, the absolute temperature K, A, and B 
are constants. ‘The present work on aqueous HgCl, was suggested by obser- 
vation of its high coagulative power (in contrast with low ionisation and con- 
ductivity) and other anomalous behaviour as a coagulant (cf., Joshi and 
Kulkarni, J. Indian Chem. Soc., 1936, 18, 439 ; Joshi and Menon, ibid., 1937, 
44, 103 ; Joshi and Ram Das, ibid., 1937, 14, 167). Joshi'and Krishna Rao 
(results to be published] have found’ that HgCl, has an abnormally high 
adsorbability towards animai charcoal and colloid As,S;. Similar deviations 
from normality as revealed by conductivity measurements were also noticed in 
its behaviour towards aqueous benzoic acid (Joshiand Solanki, J. Indian 
Chem. Soc., 1937, 1%, 323). The very considerable amount of data 
on the conductance of a large number of substances obtained by Kohlrausch 
(loc. cit.), Melcher and Cooper (loc. cit.), Bousefield and Lowry (loc. cit.), 
and Jones (loc. cit.) has served to show their marked utility together with 
those for the viscosity of the medium at different temperatures, in the 
classification qf the solutes in respect of their molecular and ionising 
behaviour. It was of interest therefore, to study the behaviour of Hg, 
in the light of the above theories. : 


e 
e s 


ExPERIMENTAL. 


Conductivity determinations of aqueous mercuric chloride (Merck’s 
guaranteed extra pure) were made at 15°, 20°, 25°, 30°, 35°, and 40°. The 
containers were all of high resistance Jena glass. The conductivity cell 
used was of pyrex glass with the platinum electrodes, each of I sq. cm. 
area, fixed. vertically, the inter-electrode distance being 12 cm. The 
bridge employed for the determination of electrolytic resistances was Pye’s 
modified Post Office Box of dial 1esistance type; a small Kohlrausch coil 
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was used as an A. C. Senerator. The conductivity water used for experi- 
ments was prepared by distilling twéce distilled water in Hartley’s cond_ic- 
tivity still and collecting only the middle fraction, the first and the ‘ast 
fractions being rejected. ‘This stock of water which was used for making 
the various solutions was tested for its constancy of conductivity. ‘The =ell 
constant was determined every now and then by using freshly prepared 
N/50-KCI solution at 250°05°. The same cell constant was used for 
calculating the conductivity at the remaining temperatures, ranging from 
15° to 40°, the variation of the cell constant with temperature especially 
for ro° to rs5° differences being negligible. The electrodes with frechly 
platinised surfaces were always kept immersed in conductivity water after 
the completion of an experiment. 


Fresh solution of HgCl, was prepared at every temperature ; diluzion 
was made to the exact mark at the respective temperature to avoid the 
volume changes due to changes in densities. Throughout the experimental 
procedure the method of successive dilution was adopted, the observations 
being recorded in the order of their determination i i.e., from eougenvated 
to dilute solutions. a 


The viscosity. determinations of these solutions were also made at 
different temperatures 15°, 20°, 25°, 30°, 35°, and 40° by adopting Scarpa’s 
method (Gazzetta, 1910, 40, 271) modified by Farrow (J. Chem. Soc., -ora 
401, 347) and later on further niodified by Joshi and Nanjappa (J. Indian 
Chem. Soc., 1934, 11, 133 et seq.). Extreme precautions were taken spec ally 
in cleaning the viscometer and in maintaining the temperature coutrol 
within o'05°. ? 

In Tables IT to IV are recorded the values for the eonaucviles of 
mercuric chloride. 


Tables VII to X record the values for the témperature coefficients of 
conductivity for different concentrations and for different tempereture 
ranges. 


Table XI gives in absolute units the viscosities at different tempera: 
tures together with | ‘their logarithms. - 


eo 
’ a 


In Tables XTI-XV are recorded the-values forthe temperature coeffic.ents 
of viscosity for different concentrations and for different temperature ranzes. 
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In the following tables C stands for concéntratfon in moies per litre, R 
for resistance in ohms, « for specific conductivity in mhos, 7 for viscosity of 
solution, 7, for viscosity of water and A for molecular conductivity corrected 
for viscosity in mhos. 


Cc. 


O°125 
0°09375 
0+07031 
0°0527 
0*03955 
0-02966 
0°02225 
0-01669 
orola51 


0°00939 


R. 


4267 
4952 
5687 
6425 
7185 
8065 
9105 
10095 


11165 


12355 


TABLE I. 


Conductivity of HgCl, solutions. 
Temp. =15° +0-05°. Cell constant =0-3776. Sp. conductivity of water 
== 1-035 x 10° mhos. 


K 


0-00008744 
0°00007520 
0-00006536 
0:00005773 

O*O0005I151 

0°00004577 

0°00004044 

0-00003637 
0-00003279 


000002952 


ala. AY 
r-ox8 O*-7124 
T-O14 08128 
IOIO 0-93.92 
1°009 L+IOS4 
I'007 = I+3 114. 
+ 1-003 +5482 
I-003 1°8232 
I'004 —- 21880 
Toor 2-622 
Toor 3°146 
‘Taste IT. 


CA, 


0-08904 
0-07619 
0°06606 
0:05825 
005186 
0-04591 
9-04057 
003653 
0°03279 
0+02954 


1/A. 


1°404 
1-230 
1-064 
0-9046 
0°7626 
0-6462 
05486 


04569 © 2 


0-3815 
0°3179 


rou) 
2°8023 
2°7919 
2°7027 
2°8088 
2°8325 
2-8516 
2°8690 
2°9027 
39344 
29681 


Temp. =20+0'05°. Cell constant =0°3776. Sp. conductivity of water 


Cc. 


O25 
0°00375 
0-07031 
00527 
0°03955 
0-02966 
0°02225 
0.01669 
O-OIZ5I 


9°00939 


R. 


3464 
3992 
4518 
5165 
$783 
6555 
7313 
8153 
9132 
9893 


o-0007080 
0°00009353 
000008451 
0-00007207 
0°00006425 
000005656 
0-00005059 
090004526 
000004030 


0:00003713 


=1'035 * 107° mhos. - 


n/p. 


L°Ors 
I-OIr 
I-007 
1-006 
I.000 
I*00L 
90-9993 
I-O0I 
0"9993 


I-OOL 


A. 


08766 
10086 
11826 
1-3748 
1-6246 
19078 
2-292 
2-716 
3-218 
3058 


‘ 


- CA, 


o*r096 
0°00452 
0-08318 
0°07246 
0°06424 
0°05659 
005056 
0-04533 
0°04025 


0°03717 


r/A. 


I°I4z 

O°9917 
08455 
0°7273 
0-6156 
O°524r 
0-440 
0-3682 
0-3108 


0-2526 


Lo 
[CA]. 


Log 
[CAa?]. 


22-9825 
‘29791 
29929 
22-9984 
T0185 
1'0334 
T0602 
50903 
T°T124 


"1-1677 
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Temp. =25-+0-05°. Cell constant =0-3776. Sp. conductivity of water 
=r11 x 107° mhos. 


C R. as 
0-425 2837 O°000I3ZI9 
0-09375 3283 00001139 
0:07031 =. 3786 0-o0009860 
0-0527 4295 0°00008678 
0703955 4786 0*00007779 
0702966 = 5364 0-00006927 
002225 5983 0-00006200 
o-o1669 6766 0°00005470 
O-0I25I 7477 8-00004939 
0009039 «=: 8314 .0°00004430 


Temp.=30+0'05° Cell constant=0°3776. 


r16x 107° mhos. 
C. R. kot 
O'125 2370 o'000158z 


0'09375 = 2723 - 0°0001375 
0°07031 3113 0°O001201 

0°0527 3552 0"0001051 

0°03955 3915 0'00009528 
002966 = 4422 000008422 
0'02225 4937 0700007532 
o'or669 5498 (0°00006751 
o’orzsr 6038 0'00006137 
0700939 6723 000005495 


a/79- AL. 
on 1-0736 
L'OI5 «12332 
Torr 11-4182 
1008 ~—s x6 602 
1-007 —-1'9786 
I-005 2-346 
1°003, 2794 
I-002 3286 
1-002 3-954 
I°0Ol = 4°72 
TABLE IV. 


No 


1’O17 
ror3 
I°009 
1008 
1006 
I’002 
1°Oor 
I“oor 
1°OOr 


1°000 


A. 
1°2856 
1°4846 
1°7232 
2°0I0 
2°424 

2°844 
3°388 
47050 
4912 
5856 


CA. 


0*1342 
O-TI55 
0-09970 
0708748 
0:07897 

*0-06958 
0°06218 
0-05486 
0°04945 
0-04434 


fA. 


09323 


o-8112 


0°7053° 


o°6024 
0-5065 
0°4263 
0°3580 
0°3043 
02529 


0-2117 


Sp. conductivity of 


CA, 
0°1607 


O° 1392 


O° 1059 

0°09585 
0708435 
0°07539 
0°06745 
0°06145 
0°05499 


JA, 


0°7776 


0'6735 


o'r212 ° 


0°5805 
0°4975 
© 4126 
0°3517 
0°2952 
0°2469 
0°2035 


01708 


(ent Cah 
11278 «1587 
T0628 = -L-1537 
2-9987  -I°'1503 
29419 1°1620 
‘28925 11-1879 
28425 1-228 
"2°7936 —1-2398 
27302 «| -1'255q 
2-6942  1-2912 
26468 1°3209 
water = 

* Log —_ log 
[Ca]. [CA]. 
T'2061 1°335¢ 
11436 T'3153 
10833-1329 
T0250 13282 
2°9816 = 1°366r 
2°9261 X°380c 
3°8773 14072 
2°8290  1°436e 
2:7885  17479€ 
27403 15076 


si 


Temp. =35't0'05°. Cell constant= 0°3776. 
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125 Xr0 ®mhos. 


76 
O°125" 
0°09375 
0°0703t 
00527 
0°03955 
0°02966 
0°02225 
o’o1669 
"01251 


0°00939 


Ag, 
1993 
2282 
2646 
2956 
3361 
3803 
4174 
468x 
5143 
5702 


Ky 
0’0d0188r - 
"0001642 
COOOL 414 

- 90001264 
O’OOOITII 
0700009802 
o'0d008918 > ° 

* 9'00007941 

* *9°00007214 


* 9'00006495 


Tape’ Vv. 


1 

No A 
Iol5. —-175280 
I'oro =: 17694 
T'007—-2°026 
1006 2°432 
r'008 2°830 
T'006 - 3°324 
1002" 4'016 
1003 4°72 
Wool 5°72 
Toor =: 6922 
TaBLE VI. 


Sp. conductivity of water= 


Log Log 
CA. L/A. [CA]. [CA?j 


o'1g909 °0'6546 '2809 14649 
o'r659 05652 «= -x'2197 © 1°4675 
0°1425 0°4935  —-1°5538 £4605 
0°1224 o'411r = 10878 = "4738 
O'IIIQ 0°3534. = -r°0489_-~«—- 15007 
009858 073009 «= 29938 °5154 
0'08935 O'249r 2g51r 1'5548 
0°07966 0°2095 2'G0I2 _1°5749 
0°0722I 0°1732 ~—-2°8586 | 1°6200 


0706500 0°1445 =. 2°8129 X53 


Temp. =40+0'05°. Cell constant=0°3776. Sp. conductivity of water= 


1°30 x 10 © mhos. 


> C¢. 
0°25 
0°09375 
0°07031 
0°0527 
0°03955 
0°02966 
0°02225 
0’ 01669 
O°OI25I 


0°00939 


R. 
1702 
1984 
2247 
2564 
2860 


3193 


4016 
4418 
4929 


K, 


00002206 
o"o00I%90 
a 
0°0001658 
0°0001459 
* '9'000%307 
o’ooor169 
“0°0001034 
0°00009273 
0°000084 16 


0-00007529 


r’o16 
I'ol2 
1008 

I°007 
r°006 

1004 

1002 

I'002 
I'OOI 


1°000 


A. 


1°7928 
2°040 
2°392 
2°786 
3°324 
37956 
4 656 
5 566 
6 732 


8022 


Log Log 
CA. IA, [CA]. [CA]. 


0°2242 0°5577  -1'E505 I°6041 
O'19z2 0°4903 —-«I°Z8I5 _I'SQII 
0°1682  o'4980 =: 12259 =: 1°6047 
o'1468 0°3590 = T'x567 = r°6116 
0'1314 0°3009 «=-r'r187 += x6 403 
O'II73, 0'2527. «= T0695 +6668 
0°1036 0'2147. -T'orss ~=—- $6836 
0'09292 0°'1797 «-2"Q58x = -1°'7137 
0°08420 071486 20253 1°7534 
0°07534 0°1247 28770 17813 
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Cc. 
0-125 
909375 
0°07031 
0:0527 
0°03955 
0-02966 
0°02225 
0'01669 
O-O125I 


0+00939 


C. 
O*125 
0*09375 
0+07031 
0°0827 
0°03955 
0°02966 
002225 
001669 
O-OI251 


0°00939 


Taste, VIL. 
Temperature éoeficionts of conductivity. 
Temp.=15°. 
Temp. coeff. of conductivity for different temp. ranges. 
cet. z0°. 15°. 20°. 
004602 0705065 005360 005722 
004817 O-O5I7I . 005509 005886 — 
0705182 005099 0°05564 0-05786 
0°04875 005019 005456 —° o-0600r 
0:04776 0-05088 0-05656 0-05790 
0-04646 O-O5154 005582 - 0:05738 
0-04923 0+05326 0°05723 o-o6015 
0:04825 0°05019 0-05672 005905 
004545 o°0so8r 0°05822 -0-06008 
0-05163 0-050I10 005744 0°06002 
Mean 0-04835 0-05103 005609. . ~—-00885 
Tasty VI. 


Temperature coefficients of conductivity. 
Temp= 20°, 


Temp. coeff. of conductivity for ‘different temp. ranges. 


5. ro°, 5°. 
0°04494 0704666 0+04955 
004455 0-04722 0°0503i : 
*0°03984 0-0458r 0°04753 
O-0415I oo4619° 0°05126 
0-04358 0-04920 £0-04945 
0°04593 004907 0-04946 
0*04595 _ O°04QII O-OS117 £ 
004198 O'04g12.- 0.05048 
0-04574 005265 "05290 
*9-03860 004796 - 0-04992 
Mean 0-04427 _ 004830 005020. 


# These observations are rejected due to accidental errors, 
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25°. 
o°0606r 
0-06039 
0-06189 
006082 
0-06139 
0-06223 
0-06218 
0-06175" 
0-06270 ' 
006200 


0:06160 


° 


20°. 
0-05226 
O'O51I4 
005112 
0°05133 
0:05231 
0-0§367 
0°05247 ° 
0°05247 
0-05461 
0°05134 


0°05227 
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Tapie IX. 


Temperature coefficients of conductivity. 


Temp.=25°. 


Temp. coeff. for different 


CG: 5°. 
O°I25 0°03949 
0°09375 004079 
0°07031 0°0430% 
0°0527 0°04214 


0°03955 0-04502 


temp. rahges. 


° 


rm. 
0°04233 
0°04350 
0°04286 
0°04649 


0°04302 


° 


I5°. 
0704465 
004362 
094578 
0°04521 


0704532 


Temp. coeff. for different 
temp. ranges, 


° 


Cc, 5°. 
0°02966 0°04245 
~ 0°02225 0°04252 
o-01669 0°04649 
oror2st ¥0'04846 
"00939 #0°04803 
Mean 0°04274 


- * Rejected due to accidental errors. 


TABLE X. 


0°, 
0°04169 
0°04374 
0°04523 
0704598 
0°04659 
0°04414 


Temperature coefficients for different ranges. 


At 30°. 


At 35° 


Temp. coeff. for a range of 


c. 5°. 
0°25 == —-0°03770 
0-09375 :0°03835 
0°07031 o-035t7 
0°0527 004199 
0°03955 0°03359 


0°. 
0°03946 
0°0374t 
0°03883 
0°03861 


0°03713 


5°. 
0°03466 
9°03059 
0°03613 
o°O291r 


0°03490 


“oC, 
6°02966 
002225 
001669 
oror2sr 
0700939 

* Mean 


At 30° 


15°. 

0°04575 
0'04443 
0:04625 
0°04685 
oro4659 
004546 


At 35°. 


Temp. coeff. for a range of 


° 


5°. 
0°03375 
0-03708 
0°03565 
0°03501 
0°0364 
0°03646 


2 


Io. 
0°039I0 
0°03744 
0°03743 
0°03705 
0°03699 

0°03795 


5°. 

003803 
0°03188 
0703328 
0-03326 
0°03178 


0703336 
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e e 
Taere XI. 
Viscosities of HgCl, solutions at different temperatures. 


n, in absolute units.. 


Cc. 5°, 22°, Tos?, Meo?, Ia 5? 40°. 
125 0-O1190 0°01039 o*c0gt995  —0°0081936 §~=—-: 0007367 000692 
1-0969 2-075 5 20165 379638 “3°9135 3°8673 3°8255 
0°09375 o-or 184 007035 0°0091775 ‘o-0081612 00073308 0006665 
29719 2°0734 20149 3°9628 3°O118 38652 3828 

e 
007031 o-01180 0°0103I 0°0091417 -~ 0°0081356 00073028 = --0:008637 
2°8471 2'0719 2°0132 3°9610 - 3°9I04 - 378635 3°8220 
0°0527 0*01179 0'010294 ——«-O009TI9 0-008123 0°007298 “ o-00€631 , 
2°7218 2°0716 2°0125 3°9599 3°9098 38632. = 38256 
0703955 0011765 001024 00091003 0008110 0°007312 0006625 
25971 20707 20103 "+ 3°9590 + —-39090 3-8640 3821 


0702966 O°011723 0°010243 00090893 0008078 07007298 0-008613 


*2°4722 20601 2°0104 3°9585  ~ 3°9073 _3°8632 3:82c4 
0°02225 o*o1172 001023 0009072 0°008071 0°0072738 o0-006500 
e 

2°3474 20690 2-0098 3°9577 . — 3°9070 3°8617 3815 
0°01669 o'0r173 0°01025 0°009065 0°008071 0°007278 « 0r00€597 
2°2225 20693 20107 3°9573 3°9070 | 38620 3:81c4 
0-O1251 0-011693 0-01023 0009063 0-008072 0-0072656 0-006 594 
20972 "20680 '2:0098 3°9572 39070 «= sis«i "8613 : 3°81c2 
0-00939 0-01169 0-010246 0°009052 - 0:008062 ~0*007263 o-o0€ 591 
3°9727 20679 2-O105 | 3°9567 3°9064 3°8611 3°81c0 
Water 0-01 1683 0010235 0-009043 00080626 §=—0'007256 0°0005885 
~ 20678 ‘20102 3°9563 3°9064 3°8606 3°8183 


7 
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C. 
0°125 
0°09375 
0°07031 
0°0527 
0°03955 
0°02966 
0°02225 
o*o1669 
O*OI25I 


0°00939 


Cc. 
O°125 
0°09375 
0°07031 
0°0527 
0°03955 
0702966 
0'02225 
o'or669 
O'OI25I 


0°00939 
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Temperature coefficients of viscosity. 


Temp. coeff. of viscosity for different temp. ranges 


5°. 
0°02538 
0°02517 
002525 
0°02538 
0°02592 
0'02524 
0°02543 
0'02523 
0°02502 
0°02471 


Mean 0'02527 


Temp.= 15° : 
10°. 15°. 
002270 002076 
0°02249 0°02071 
0°02253 0°02070 
0°02266 0°02073 
002266 002071 
ovozeg7 0°02073 
0°02259 0°02075 
002272 002080 * 

0°02249 0°02065 
0°02257 0’02069 
0°02259 0°02072 


Tass XIII. 


20°, 
O'O1904 
o"01904 
O°O1965 
0°01905 
001892 > 
0 01887 
0°01897 
001898 
0°01893 
001893 
001898 


Temperature coefficients of viscosity. 


Temp.=20°. 


a 


25°. 
o°01751 
0°0174% 
0°01750 
O'O1759 
0'01748 
001744 
001748 
O°OI750 
0°01745 
O°Cr745 
0'01 748 


Temp. coeff. of viscosity for different temp. ranges. 


e Ss. 
002292 
0°02262 


0'02267 
e 


e 
002283 


0°02226 
0°02253 
0'02263 
0°02312 
00228 
0°0233E 


Mean 0°02277 


10°. 

- 0°02TI3 
o'0ar14 
0°02109 
o°02109 
002080 
O°o02T13 
O’O2III 
- 0°02126 
o°02I10 
O°0213I 


O°0ZTI2 


° 


15°. 
0’01939 
o'01945 
0°01945 
001940 
001906 
O°O19I7 
001927 
0°01933 
0°01932 
O°O194I 


0°019325 


20°, 
001579 
0 0r780 


001781 


0°0I779 


0°01 755 
0°01772 
O°0L774 
001782 
001777 
0°01783 
0°01777 
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Tage XIV. 


Temperatme coefficients of viscosity. 


“Temp. =25°, 
erpr cba. for ranges Temp. coeff. for ranges 
Cc. 5°. : Io’. I5°. a -“G 5°. 10". 15°. 
O°r25 002187 "01992 ~=—s«o'01818 002066 0°02225 o'o1g7I o’ar8r7 
0°09375 0°02215 0°02012 =: 001825. «002225 002207 0’01983. «001817 
0°07031 002201 «= o’o2011_ = «001827 ~—S 001669 O'O2I94 + 0'01972—s«O'01815 
0°0527 0'02184 o'01997.Ss«O'0I8IQ «= O"OI25I 0'02187 = o’01984— «oor 8 17 


0°03955 002176 = g'o1g65 = 0°01813 0°00939 0°02187 o'01976 —o'o1812 
Mean — o'o2196. «o'org86. =o" 1818 


Taste XV. 


Temperature coefficients of viscosity. 


Temp. 35°. — Temp. 30°. Temp. 35°. 


Temp 30°. x 

Temp. coeff. for 5° range. Temp. coeff. for 5° range. 

C. 5°. 10°. 5°: c. 5°. 10. 5°. 
O°r25 0°02018 ~—o'01832,—S «001832 ~=—s 002966 ‘o'01936. = o'01813.— «oo 877 


002225 001975 . 0’01823. «001852 
. ° 

0'01669 o'o1g65 001827. 002872 

o ‘01998 = o’or827_—s« 01849 


0°09375 002035 0°01833. = o'01817 
0°0703r 0°02047. o’0842.—Ss«o'c018 24 
0'0527 0°02032 001837, «0. 01828_~— ss o' 01251 
0°03955 0°01968 9'01837 Ss 0°01879 0700939 0° 01982 ” o'o1825 —o'01850 

2+ > Mean 3 d1996 = oo 18296001848 


Discussion. . “O42 

"The foregoing results show that within the limits of temperature 
investigated, A, the molecular conductivity of HgCl, in aqueous system, 
increases steadily with rise in T, the température (column 5, Tables I-VI). 
The A-T curves, corresponding to ten different dilutions shown in Fig. 1, 


> rove 7 by ore - 
we ade - bee Za a . 
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e 
Fie. x. 


Influence of temp. on mol. conductivity. 


(For curves 6—10) 


Mol. conductivity (mhos). 
(For curves 1—5) 





15, 25 35 40 
« Temp. 


show also that in all these cases the curve is inclined towards the A-axis 
and that this teudency becomes more pronounced as the dilution is increased. 
Data shown under column:3,.in Tables I-VI-indicate that HgCl, behaves as 
an, extremely weak electrolyte, almost a non-electrolyte as is obvious from the 
exceedingly low order of the specific conductivities measured for even fairly 
concentrated solutions which are in close agreement with the results of Hampe 
(loc. ctt.), Faraday (loc. cit.), Morse (loc. cit.), and others. ‘The observed 
increase in the conductivity with the rise in temperature is partly explained 
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by our results that with the tise in temperature, the viscosity of the mediun 
decreases ; consequently, the mobility” of the relevant ions would increase, 
which is in agreements with the findings of Kohlrausch-(loc. cit.), Noyes, 
Melcher and Cooper (loc. cit.),Bousfield and Lowry (loc. cit.), Jones (loc. cit.) 
and others. Our result, that the departure from the linearity of the A-T 
curve increases with the dilution may in part be attributed to the increased 
hydrolysis of HgCl, with dilution. Ley (loc. cit.) has studied this in some 

’ detail. His results show that the hydrolysis of aqueous HgCl., is qitite 
sensible even at 6°, its extent increases with dilution and temperature. ‘Tke 
chief result of increased hydrolysis is to increase the hydrogen ion conces- 
tration and hence the corresponding conductivity. It is therefore to te 
anticipated that the departure from the linear relationship of the A-T curve, 
indicative of an extra rise in conductivity, may be produced as a result of 
increased hydrolysis. Our experimental results are in close accord with 
this deduction. ay ots : 


No quantitative information is available in the literature regardirg 
the values for A, the molecular conductivity for HgCl, at infinite dilution 
at different temperatures to enable us to-calculate the degrees of ionisatien 
«, and also the dissociation constant, K, by the application of Ostwalc’s 
dilution law. An attempt has therefore, been made to evaluate Aw and 
K by the graphical method developed by Kraus and Bray (J. Amer. Chem. 
Soc., 1913, 85, 1315) and found to be utilisable for a surprisingly larze 
number of electrolytes in both aqueous and non-aqueous solvents. ‘Te 
mass law expression as applied to weak electrolytes, undergoing binary 
dissociation gives SS 


AC 


*° =D Se 


The equation (i) after rearranging reduces finally to * 





tt) 


The plot of CA (along abscissa) against 1/A (along the ordinate) gives a 
straight line; the- intercept’ on the ordinate gives 1/A. from which Aw and 
finally K, can. easily -be computed’; these curves, Kraus. and Bray- heve 
designated as “‘A,.—K, plots’. Witha view. to finding how far the equat on 
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A.—-K plots. 
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(ii) holds in the case of HgCl, these plots are shown in Fig. 2 after 
appropriate calculations from our data (Table I-VI). The curves, showing 
Ae»-K plots (Fig. 2, curves 1-6, at different temperatures), are all 
straight lines but give the intercepts on the negative side of the ordinate, 
to which, at present no physical méaning can be attached. It is, however, 
very significant that all these curves pass through a common point of intersec- 
tion, .For the sake of comparison Ley’s data (loc. cit.) at 25° are also shown 
by a dotted curve [3 (b), Fig. 2] ; his curve is slightly above ours on account 
of the fact that x/A values of Ley were not, while our values are corrected 
for viscosity. ‘[his suggests that either, (a) the equation (ii), which holds for 
an electrolyte undergoing binary dissociation, may not adequately express 
the dissociatioa of mercuric chloride or (b), possibly, mercuric chloride 
does not belong to the type of electrolyte which undergoes simple binary 
dissociation considered jn .Kraus -and Bray’s procedure. Sherril (loc. cit.) 
calculated the ionisation constant K for 


Hg+2Cl’=HeCh, ie., (Hg) x (Cl)?=K(HgCl,) 


by E.M.8., anc solubility data and partition of HgCl, between toluene 
and water, and toluene and mercuric nitrate solution. K for ternary 
dissociation wes found to vary in the range x x 107! andx°5. x 107!4, 
The existerice of the ions (HgCl’) was established by Morse (loc. cit.) 
from the transport number measurements so that the ionisation of HgCly 
HgCle=Hg™+2Cl’, takes place in stages: - 7 ds 
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F [HgCt'] x [cl] 
— de — —— 
HegCle=HeCl’ + Cl’; K 1 THeCle] (a 
J te [Hg] x [CV] ; ; 
oc 1s Ss eee 
HeCl =He"+Cl; Koe= fHecl'] (b 


The ionisation constants Ky and Kg for (a) and (b) were found to bz 
2°8x1077 and 3°5xX107® respectively. According to Luther, however, 
solution of HgCly, saturated at 25°, contains the following constituents 
expressed in moles per litre: (HgClg)=0'26; (HgCl)=o'ooors ; (H) 
=0'00033 ;  (Cl’)=o'o0048 ;  (Hg"*)=1078; (HgCl44)=5x10°%. It is 
therefore, to be anticipated that the dissociation of HgClp may not obey the 
simple binary dissociation law-a deduction in agreement with our results 
showing the departure in A,—K plots as well as log (CA)—log (CA*4 
plots. The possible disturbing factors may now be considered: (i) Th2 
dissociation might proceed in stages: (a) HgClhp=HgCl'+Cl'; (b) HgCr 
=He''+Cl’; both the reactions (a) and (b) obey binary dissociation law 
and are of the same order ; (ii) Causes leading to hydration or solvation, and 
(ii) hydrolysis leading to the formation of free HCl which dissociates into 
H’ and Cl'. Discordant views prevail in regard to the mechanism of th= 
hydrolysis of HgCly. Ley (loc. cit.) suggested that the reaction proceeds as 
either, 2HgClo +H ,0=[HgClo]o0+2H'+2Cl; or else, HgClgo+He0 
=HegCl (OH)+H°+Cl’, Kahlenberg’s results (loc. cit.) favour the first 
hypothesis. Fischer and Breiger (Kolloid Z., 1910, 7, 196) suggested that 
HgCl, in aqueous solution is split up into HClandacolloid. ‘Thiimmel 
(Arch. Pharm., 1885, 228, 929) adduced evidence to show that aqueous HgCl> 
behaves as containing an acid He(HgOCl.) because of the peculiar 
hydrolytic changes. 


Fic. 3. 
Kohlrausch coeff, a and B at diff. temp. 
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= 07055 
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It is interesting to consider the influence-of temperature on the conduc- 
tance of HgCle (cf. Table VII-X). This is seen to be far higher than what 
obtains usually in the case of normal electrolytes A survey of the data 
in the literature shows that the temperature coefficient of conductivity is 
about 1°6 % for strong acids, 2'2% for binary electrolytes, and 2'5% for 
ternary electrolytes. Our result that this quantity for’ HgCls varies in the 
range 38 to 6'2% suggests that either its ionisation is of a higher 
order involving a complex aggregate which gives ions, or else it is a 
typical weak electrolyte, it being known.that the influence of temperature 
in increasing the conductivity is more marked in their case than with 
strong electrolytes, or what is more probable, both these factors might 
operate The fact that the temperature coefficient of conductivity for 
aqueous HgCig alters only slightly with dilution may be taken as evidence 
to show that HgCly in aqueous solutions does not form hydrates, possibly 
because of its weak electrolytic nature. Jones (Carnegie Inst. of Washington 
1907, Pb 60) and collaborators have adduced very considerable evidence to 
show that there 1s no possibility of hydration taking place in the case of-non- 
electrolytes, because of the comparative scarcity of the charged ions, 
which produce hydration due to the strong e'ectrostatic forces of attraction 
between the charged ions and the dipoler water molecules. 

It is interesting to point out that our data showing the effect of 
temperature on the couductivity of HgCle, satisfy Kohlrausch’s relation : 


At = An [z+ a(t—to) + B(t—tg)?] 


asis shown by the straight line curves (cf. Fig. 3, 2, 8 plot) obtained by 
plotting : 
® — 
A, = A, 
Ay (t—to) 


on the ordinate, against ({—tg) on the abscissa, the intercept on the 
ordinate, and the slop&of the curve give respectively the values of o and 
B, the coefficients appearing in the above equation. The coefficients are 
complicated functions of temperature, their values decreasing with rise 
in temperature. Our results showing the decrease of temperature co- 
coefficients of conductance with the corresponding fall in the values of 
efficients o and 6, with rise of temperature can be explained on the 
assumption that with rise in temperature the association of water becomes 
less (cf. Jones and West, loc. cit., Ramsay and Shields, loc. cit.) and 
thus brings about the lowering in the ionising power of the solvent 
medium (cf. Dutoit and Aston). The fact that the dissociation decreases 
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with rise of temperature is. also in agreement with the conclusions that 
can be drawn from the results of Vonwiller (loc. cit.) showing a decrease 
in the dielectric constant of water with rise of temperature, and the 
Thomson-Nernst’s rule (Phil. Mag., 1893, 86, 313; Z- physikal. Chem., 
1894, 18, 535; cf. Kraus and Fuoss, J. Amer. Chem. Soc., 1933, 58, 21; 
1933, 55, 476, torg) connecting the dissociating power of a solvent with 
its dielectric constant. ‘That the temperature coefficients of conductivity 
decrease with rise of temperature is in harmony with the views of Bousfield 
and Lowry (loc. cit.) on other independent grounds. 


Fic. 4. 


Influence of conc. on viscosity at diff. temp. 





o*or 0-05 o*09 O°r3 


Our results on the viscosities of aqueous HgCly for different concentra- 
tions and at different temperatures (cf. Table XI) ghow that the viscosity 
coefficient at any temperature increases with the concentration, especially in 

‘fairly strong solutions ; in very dilute solutions difficulties arise owing to 
the fact that the viscosity of the solution varies from that of the pire 
solvent (water), to an extent which comes within the range of the experi- 
mental error. ‘The above variations of viscosity with concentration end 
temperature can be adequately expressed by the expressions, log 7=kC end 


log 1 EAA, where C is the volume concentration in moles per litre, T, 


‘the absolute temperature, k, B, and A being constants as is shown by 
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e e 
straight line curves of log 7 against C -(cf. curves 1-6 in Fig. 4) and against 


7 (curves 1-10 in Fig. 5) (cf. Berl and Umstiitter and Karrer, loc. cit..) 


Fic. 5. 


Influence of temp. on viscosity for diff. conc. 





070032 0°0034 
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Our results on the temperature coefficients of viscosity of aqueous HgClo 
(cf. ‘Tables XII-XV) atidifierent temperature ranges, show that the tempera- 
Neo 
to (E == to) 
It is, however, interesting to point out that the temperature coefficients of 
viscosity of HgCl» solutions are almost equal to those of the pure solvent, 
water. It is also seen that the temperature coefficient of viscosity of the 
solvent (water) remains unaltered despite the varying concentration of 
HegCly present in the system. Our data showing the effect of temperature 
on the viscosity of aqueous HgCl satisfy the relation (cf. Bousfield and 
Lowry, loc. cit.), 1: =1eoltt+a(t—t.)+A(t—t,)*]asis seen from the straight 


ture coefficent, increases (algebraically) with rise in temperature. 
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line graphs obtained by plotting ei) +2. on the ordinate against (t—#,) on 
r Nee t— to) 


the abscissa (cf. curves 1-4, a, 8 plots in Fig. 6). The values of the 
coefficients « and §, the former being negative and the latter positive, 





appearing in the above equation, have been graphically evaluated. ‘The 
intercept on the ordinate and the slope of the curve give respectively the 
values of a and f. 
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STUDIES IN THE SESQUITERPENE SERIES. PART I. 
SYNTHESIS OF THE TRIETHYL ESTER OF 
C,H,,(CO,H),, OBTAINED FROM SELINENES.* 


By PuHaninpra CHANDRA Dorta. 


A synthetic route has been developed for the synthesis of the tricarboxylic acid 
which has been obtained by the oxidation of selinenes. This method again offers the 
possibilities for the extension of the same for the synthesis of the naturally occurring 
selinenes and related bodies. One of the salient points of the scheme is the introduction 
of the carboxyl group at the required position in the cyclohexane ring through the can- 
densation of oxalic ester according to the ‘‘ Principle of Vinylogy ”’ 


As much of the evidence for the existeyce of the angular methyl group 
in the sesquiterpenes is indirect, being based on the isoprene rule, it 
appeared that the synthetical experiments in the eudesmoi group are neces- 
sary to supplement the analytical evidences of Ruzicka and his co-workers. 
The first successful synthetic attempt in. this group is due to Simonsen (J. 
Chen. Soc., 1936, 1138), who prepared a hydrogenated sesquiterpene ketone 
belonging to the eudesmol group. 

Ruzicka, Koolhaus and Wing (Helv. Chim. Acta, 1931, 14, 1151, 1171) 
have shown that the sesquiterpenes of the selinene group belong to the cis- 
decalin series. It is known that the trans-fusion of one cyclohexane ring to 
another in the ortho-position is stable. ‘The cis-fusion results in an unstable 
arrangement which easily isomerises to the trans-form at high temperatures. 
Moreover, physical measurements, e.g. heat of combustion, etc., also 
prove the cis-form to be the less stable form (Roth and Lassa, Annalen, 1925, 
441, 48). The stability of the cis-linking arises through the presence af an 
angular methyl group. Similarly, in the bicyclo-octane series, methyl graup 
stabilises the unstable 8-metby]-bicyclo-octane derivatives Wieland and Dane, 
J. physiol. Chem., 1933, 246, 91). These observations have led Hickel to 
the view that the strain theory cannot be applied in a simple manner to the 
bicyclo systems (Mills, ‘‘ Reports of the Fourth Solvay Conference,’’ 1931, 
p. 16). Hence to realise an actual synthesis of these bodies the possibilities 
of the formation of various isomers at intermediate stages should be avoided 
so that the disturbing factor of stereoisomerism is minimised to an appreciable 
extent. . 


* A preliminary note appeared in Science and Culture, 1940,4, 474. 
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A possible method has now been developed fer the synthesis of selinic 
acid (Semmler et al., Ber., 1912, 45, 3031, 3725 3 1913, 46, 599) which has 
been tentatively formulated by Ruzicka (Helv. Chim. Acta, 1922, 5, 345) 
as (I). 

It is evident that it can exist in four stereochemical forms and its actual 
syuthesis will also finally establish the presence of the angular methyl group 
with all its stereochemical implications. 


Chloromethyl ether does not condense with o-methylcyclohexanone in 
presence of sodamide in ethereal solution (cf. Haller and Cornubert, Bull. 
Soc. Chim., 1927, 44, 367) and hence the lactone (II, n=4x) could not be 
prepared, where the two rings in the lactone (II, n=1) should have cis- 
locking (cf. Hickel, Annalen, 1934, 544, 240; Linstead, J. Chem. Soc., 
1936, 481). By this procedure, two possibilities out of four are ruled out 
and we are left only with the following possibilities : 


(i) COOH and the lactone group in cis-configuration, 
(i) COOH and the lactone group in trans-configuration. 


Further, as the hydroxy-dicarboxylic acid corresponding to the lactone 
acid (II, n=1; R=H) is a substituted isophthalic acid, the two carboxyl 
groups in it are interconvertible under standard conditions. It may be 
mentioned in this connection that there is no reference in the existing litera- 
ture as regards the actual stereoisomerism of the isopropylene group with 
respect to the angular methyl group or the other ring of the decalin system in 
the selinenes and related bodies. 


Attempts to condense ethoxyethyl chloride with o-methylcyclohexanone 
failed to give (II, n=2) but ethoxyethyl iodide smoothly reacts with the 
ketone under thg usual conditions. As the product of condensation consists 
mainly of 1 ; 1-disubstituted cyclohexan-2-one and a little of the 1: 3-isomer, 
it is purified according to Ruzicka’s method (Helv. Chim. Acta, 1931, 14, 
1169) by condensing with oxalic ester and then Simonsen’s modification (J. 
Chem. Soc., 1936, 1140) being followed for the isolation of the oxaio- 
derivative. The oxalo-derivative, thus obtained, is hydrolysed with baryta 
and the ketone (III) regenerated and converted into the related cyanohydrin 
ju a quantitative yield with liquid hydrocyanic acid. The cyanohydrin is 
unusually stable, confirming Lapworth and Manske’s views on the effect of 
a-alkylation (J. Chem. Soc., 1930, 1976). The cyanohydrin is dehydrated 
with thionyl] chloride and pyridine. ‘The unsaturated nitrile (IV) is freed 
from sulphur by heating with precipitated copper in benzene. ‘This method 
is decidedly an advantage over Simonsen’s procedure of removing suiphur 
compounds by allowing to stand over aluminium-mercury couple for 
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several days. The purified unsaturated nitrile condenses smoothly with ethyl 
oxalate in presence of potassium ethoxide (Lapworth, J. Chem. Soc., 1¢01, 
79, 2265; Kuhn et al., Ber., 1937, 70, 70, et seg.) and the yield of the con- 
densation product is improved by using anhydrous pyridine as diluent 
(cf. Ber., 1937, 70, 1148). ‘The condensation product (V), isolated by vacuam 
distillation, is hydrolysed in methyl alcoholic solution with potassium 
hydroxide solution. 

The pyruvic acid has been oxidised with hydrogen peroxide in pyridine 
solution in satisfactory yield, the other usual methods proving unsuccess‘ul. 
The unsaturated cyano-acid, thus obtained, is reduced with sodium 
amalgam and isolated as the methyl ester (VI) after esterification. Hyéro- 
lysis of the cyano group and simultaneous de-ethoxylation have been carried 
out with hydrobromic acid. The product may be the lactonic acid II, 
n=1; R=H) together with the corresponding bromodibasic acid. Comse- 
quently the mixture is directly treated with phosphorus pentabrarride 
in the cold and subsequently treated with alcohol. From the reaction 
mixture the ester (VII, R=Br) is isolated in moderate yield together 
with alower boiling fraction, which is most probably the lactonic ester 
(II »=1; R=Et) ; the structure could not be definitely established, yield 
being too small. Replacement of the bromine atom by a cyano group 
has been carried out by the method of Rydon (J. Chem. Soc., 1937, 
1341). ‘The cyano compound is directly esterified and the triester (VIII, 
R=COsgEt) bas been isolated in very poor yield. Further work is in 
progress. — 

The bromo-ester (VII, R=Br) can be condensed with ethy! malonate 
for the synthesis of 9-methyldecalin systems which would lead ‘to hyro- 
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EXPERIMENTAL 


B-Elhoxyethyl Chloride-—To a mixture of glycol monoethyl ether 
.(i80 g.) and pyridine (160 g.), cooled in ice, was added slowly with constant 
shaking thionyl chioride (250 g.). After standing overnight, the mixture 
was heated on the water-bath for 1 hour. After cooling, the chloride was 
decanted off from pyridine hydrochloride and the latter, after decomposition 
with ice, was extracted with ether. The combined ethereal extracts and the 
chloride were washed with acid and alkali, and fractionated, b.p. 108-10°. It 
was converted into iodide, b.p. 151-54, by refluxing with sodium iodide in 
alcoholic solution in the usual way. 


1-Methyl-1-B-ethoxyethylcyclohexan-2-one (I1l).—A mixture of 2- 
methylcyclohexanone (112 g.) and finely powdered sodamide (45 g.) in ether 
(x200 c c.) was heated under reflux with stirring for 5 hours. After 2 hours 
- the volume of ether was gradually reduced to about 500 c.c., the mixture 
cooled in ice and ethoxyethyl iodide (200 g.) added in the course of 50 
minutes. The temperature was gradually raised and. the solution refluxed 
for another 5 hours, in such a manner that most of the ether evaporated off, 
for condensation with ethoxyethyl iodide proceeded better in concentrated 
solution. After standing overnight, the residue was decomposed with ice, 
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the ethereal layer separafed and the aqueous portion extracted with ether. 
The ethereal solution was dried and low boiling fractions were removed at 
atmospheric pressure. From the residue, the fraction boiling at 
95-110°/8 mm. was collected. On redistillation it had b.p. roo-105°/5 mm. 
(mainly 103°/6mm.), yield 75g. (Found: C, 71°4; H, 107. CyiH»O: 
requires C, 7x°6; Hl, 10°8 per cent). 


To a solution of sodium (7°6 g.) in alcohol (100 c.c.) cooled ina freezing 
mixture a cooled mixture of the above ketone (53 g.) and ethyl oxalate 
(42'4 c.c.) was added with thorofigh shaking, when a thick reddish brown 
solution was obtained. After standing overnight, the product was poured 
into ice and the alkaline solution was extracted with ether. ‘The crude 
reddish oil from ether was hydrolysed on the water-bath with barium 
hydroxide (128 g.) and water (600 c.c.) for 4 hours. The precipitated solids 
were collected and washed with ether. The aqueous portion was also 
extracted with ether. The combined ethereal extract was dried and the 
solvent removed when the ketone was obtained. The precipitated barium 
salts were decomposed with ice and hydrochloric acid, barium chloride 
filtered off and the aqueous portion was thoroughly extracted with ether. 
The reddish oil, left after removal of the solvent, was again hydrolysed with 
baryta solution. ‘The over-all yield of the ketone is 35 g., b.p 100°/6 mm. 
(Found: C, 71°8; H, 10°42. C,;H2.O2 requires C, 71°6; H, x0’8 per cent). 


The neutral fraction from the oxalic ester condensation was worked up 
in the usual way and only a small quantity of ketone was obtained which 
showed that the condensation had resulted mainly in the production of 
the 1 : 1-isomer. c 

The semicarbazone, prepared in the usual way, crystallised from dilute 
‘alcohol in sandy crystals, m.p.122°. (Found: N, 17°5. C,;H3,0,N, 
requires N, 17’0 per cent). 


1-Methyl-1-f-ethoxyethylcyclohexanone-2-cyanohydrin.— The above 
ketone (12 g.), to which a drop of potassium cyanide solution had been 
added as a condensing agent, was cooled to —10° and hydrogen cyanide, 
generated from potassium cyanide (45 g.) and dilute sulphuric acid (45 c.c. 
H,SO, ; 60 c.c. H,0), was slowly passed into the ketone in the course of 1 
hour. After standing overnight at 0° the solution was acidified with ice-cold 
sulphuric acid and acurrent of air passed through it to remove unreacted 
hydrogen cyanide. Finally it was extracted with ether, the extract dried 
over sodium sulphate and after the addition of a drop of sulphuric acid 
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-distilled, 147°/9 mm., yield 13 g. (Found : NS 72. CiH20.N requires 
N, 6°7 per cent). ae a 


1-Methyl-1-B-ethoxyethyl-2-cyano-A?-cyclohexene (IV).—A mixture of 
pyridine (5°9 c.c.) and the cyanohydrin (5 g.) was cooied in a freezing 
mixture and thionyl chloride (6 c.c.) was gradually added with thorough 
shaking and the solution was allowed to stand overnight when two layers 
were formed. The mixture was heated on the water-bath for 2-hours, cooled 
and the upper layer extracted with sodium-dried ether to avoid the forma- 
tion of persistent emulsion. ‘The plastic mass left was decomposed with 
ice and hydrochloric acid and again extracted with ether. The combined 
ethereal extracts were thoroughly washed with water, acid and alkali. After 
drying over calcium chloride, the solvent was removed and the residue 
distilled at 122-27°/7 mm. and contained much dissolved sulphur which 
was removed by boiling in dry benzene solution with precipitated copper 
for afew hours. From the benzene filtrate the nitrile was obtained as 
a clear colourless oil, b.p. 118-20°/5 mm., yield 75 g. from two similar 
experiments. The déhydiation takes place better when smal! quantities 
were employed. (Found: N, 7°6. C,.H,,ON requires N, 7°25 per cent). 


Ethyl (1- Methyl-1-8-ethoxyethyl-2-cyano-A? - cyclohexenoyl) - formate 
(V).—Potassium (13°8 g.), placed under ether, was treated with absolute 
alcohol (7o c.c, freshly distilled over calcium) and heated under reflux until 
complete solution. A portion of the ether was evaporated off through the 
condenser avoiding formation of solid crusts. After cooling in a freezing 
mixture, ice-cold pure ethyl oxalate (25 c.c.) was added and the mixture 
allowed to stand for 10 minutes. ‘To the mixture a cooled solution of the 
nitrile (31 g.) in*freshly distilled pyridine (60 c.c.) was added slowly with 
shaking. The solution became at first deep violet and then blood-red, 
After standing in ice-chest for 36 hours the solution was decomposed with 
ice when the potassium salt separated, which dissolved on further dilution. 
The reddish alkaline sGlution was extracted with ether whence the unsatu- 

rated nitrile (8 g.) was recovered. The alkaline solution furnished a heavy oil 
~ onacidification with dilute sulphuric acid which was extracted with ether and 
the ethereal extract was washed with water and dried. The residue from ether 
distilled at 168-70°/2 mm. asa viscous gum having a light yellow colour. 
It gave a deep violet ferric reaction in alcoholic solution, yield 24 g 
(Found : C, 65°2; H, 7°5. CisH2s0,N requires C, 65°46; H, 7°8 percent). 


Methyl 1-Methyl-1-8-ethoxyethyl-2-cyanocyclohexane-4-carboxylate (V1). 
=To the cyanoketo-ester (V, 16 g.), dissolved in methyl alcohol (so c.c.), was 
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added with shaking asokitione of sodium hydroxide (95 g.) in water 
(75 c.c.), the mixture became hot and, was allowed to stand at room tempera- 
ture for 2 days and then refluxed for x hour on the steam-bath. Afzer 
acidification with ice-cold sulphuric acid, the precipitated oil was extracted 
with ether, the extract dried in vacuum for a day and the resulting reddisa 
mass dissolved in pyridine {100 ¢.c.). Hydrogen peroxide (5 c.c. of o'or2 g. 
of oxygen per c.c.) was added and the temperature was gradually raised to 
60° and a further quantity (4 c.c.) of hydrogen peroxide added. After keer- 
ing the mixture at 60° for x hour, it was poured into ice-cold sulphuric acid 
aud extracted twice with ether The residue from ether was reduced 
with sodium amalgam (3%, 700 g.), the mixture being kept nearly neutrel 
with sulphuric acid. ‘The acidic solution was extracted with ether, dried 
over sodium sulphate, and the gummy residue (11°5 g.) from ether dried 
in vacuum. It was dissolved in methyl alcohol (zoo c.c.) and esterified 
with hydrogen chloride and the product* isolated in the usual war, 
b.p. 145-48°/2 mm., yield 8g. (Found: C, 66°7 ; H, 86. Cy.H.:0;N 
requires C, 66°4; HH, 9'ox per cent). 


Ethyl 2-Methyl-r-(8-biomoethyl)-hexahydroisophthalate (VI, R=Br). 
—~The cyano-ester (VI, 15 9.) was heated with hydrobromic acid (48%, 
53 c.c.) in a sealed tube for 6 hours at r40-50° and after dilution with water 
the heavy oily layer was extracted with ether and washed with sodium 
bisulphite solution. The dark oil (6'5 g.) from ether, after drying in vacua, 
was treated with phosphorus pentabromide (20 g.) and left overnight, when a 
nearly complete solution resulted. After addition of absolute alcohol 
(50 c.c.) the mixture was allowed to stand for some time and finally heeted 
on the steam-bath for 3 hours. On working up in the usual way, tvo 
fractions were collected. ‘The first fraction (2 g.) had b.p. €33-38°/3'5 mm. 
and the second at 156-60°/3'5 mm. (2’5 g.) 


The lower boiling fraction gave avery weak test for halogens and the 
nature of the product is still under investigation. The second fraction was 
the required bromo-ester (VII, R=Br). (Found: “Br, 23°5. CisH.;G.3r 
requires Br, 22°8 per cent). 


Ethyl (z-Methyl-2 : 4-dicarbethoxy-cyclohexan)-1-propionate.— ‘The 
bromo-ester (VII, R=Br; 2°5g.) was treated with an aqueous alcoholic 
solution of potassium cyanide (x’5 g.) in presence of a little sodium iodide, 
The product after refluxing for 15 hours, was isolated in the usual way. Its 
ethereal solution was dried and directly esterified with alcohol (40 c.c.) and 
sulphuric acid (d 1°84, 8 c.c.) and two fractions isolated. The fraction (x ¢.) 
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(b.p. 165-78°/1 mm.) was redistilled at 17~75°/e mm. (lit. 170°/2 mm.). 
‘The quantity (o’5 g.) was, however, too, small to permit further purification. 
(Found : C, 62°3; H, 82. CysHs0O, requires C, 63'1 ; H, 8.7 per cent). 

Further work is in progress. 

My grateful thanks are due to Prof. P. C. Mitter for his valuable sugges- 
tions, kind encouragement and interest during the course of this investi- 
gation. 

Sir T. N, Part LaBoraToriss, 


UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, Received July 15; 1940. 
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VAPOUR PRESSURES OF AQUEOUS SOLUTIONS. 


By G. S. KASBEKAR. 


A new method has been devised to determine the vapour pressure of liquids and 
solutions. Compared fo other methods this method has been found to be simple, rapid 
and to yield accurate and reproducible results. Observed values of vapour pressures of 
aqueous solutions of ZnCl, Ca(CNS)s, Zn(CNS)_"and H3PO, are recorded. From thermo- 
dynamical considerations osmotic pressures of these solutions have been calculated, 
Experimental results suggest a strong affinity between water and these salts which is in 
agreement with the properties of these substances. 


In connection with certain work which is in progress in this laboratory, 
owing to lack of data in literature it was found necessary to determine the 
vapour pressures of aqueous solutions of zinc chloride, calcium thiocyanate, 
zinc thiocyanate -and phosphoric acid. Among numerous methods deve- 
loped for its accurate measurement, the ‘dynamic’ methods are more 
tedious than the ‘static’ and demand an extremely careful manipulation. 
Although the results obtained by the dynamic method are considered more 
trustworthy, the static methods have been employed with great success. 
After reviewing the works of Dieterici (Wied. Ann., 1893, 80, 47), Smits 

.(Z. physikal. Chem., 1902, 89, 385), Tower (J. Amer. Chem. Soc., 1908, 30, 
1219), Wood (Trans. Faraday Soc., 1915, 11, 29), and Perman and Saunders 
(ibid., 1923, 19, 112), it seemed possible to devise an-alternative method, 
which could be simple, rapid and yet reasonably accurate. The method 
finally adopted is described in the following section. 


EXPERIMENTAL 


Allreagents employed in this investigation were analytical reagents 
(certified B.D. H.). Solutions of various concentrations of the salts were 
prepared by weight dilution from saturated soltttions carefully filtered 
through a sintered glass funnel. Syrupy phosphoric acid was used for’ 
preparing solutions of that acid. The strength of the solution was deter- 
mined by the estimation of both the components of the salt and only those 
solutions were employed where the concentrations as determined by the 
estimation of both the ions agreed within 0°2%. Zinc was estimated with 
potassium ferrocyanide using methyl red as an adsorption indicator 
(Tananaew and Georgofini, Z. anal. Chem., 1936, 107, 92). Potassium 
palmitate method (Hamer, J. Soc. Chem. Ind., 1935, 6%, 205) was employed 
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to estimate calcium. Chlorides were estimated wjth silver nitrate by the 
simplified potentiometric method (Callan and Horrobin, ibid., 1921, 47, 329) 
and the thiocyanates by the use of the’same reagent but with ferric alum 
as an indicator. Wilkie’s method (ibid., 1909, 28, 68) was adopted to esti- 
mate phosphoric acid. Dak sae 

Vapour pressures of these solutions were measured in a specially cons- 
tructed apparatus (Fig. 1). A fldsk A (200 c.c.) waS connected by a 
mercury sealed ground glass joint B to the bulb C, the top of which was 
sealed to a ro c.c. burette E with a glass stop-cock D, while a side-tube led 
through another mercury sealed joint G to the mercury manometer IJ. 
Both the joints Band G were fitted with steel springs to keep them tight. 
The manometer was made of a widetubing (d=xz cm.) to minimise meniscus 
errors in reading and its lower end passed through a well fitting rubber 
stopper into a glass bottle H serving as ‘a mercury reservoir. ‘The reservoir 
was connected through K to the vacuum system. The limb I of the mano- 
meter was connected to a phosphoric pentoxide tube M through a ground 
glass joint L anda tap W. The other end of the P.O, tube was connected 
tothe vacuum system. All the ground joints and taps were greased with 
‘“.apiezon ’ grease. 





‘The apparatus coukd Le separated into three parts R N M L, permanant- 
‘ly attached to the vacuum pump, Q H LG which carried the manometer, 
and ECBA which contained the solution under investigation. ‘The piece 
ECBA was the only one which required to be cleansed and dried before 
each determination. 

’ ‘The apparatus was assembled together and immersed in the thermostat 
as shown in Fig. 1 with water upto the line XX’. A drop of mercury was 
introduced into the bore of the stop-cock D to remove air from there. 
to C.c. of the solution were placed in-the burette E.. 
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‘The interior of the apparatus was evacuated until a hard metallic sound 
of the pump indicated a good vacuum, jnside it. With tap W closed, Q was 
opened to air through T to let sufficient mercury rise into the manometer IJ. 
By the use of a travelling microscope the level in the two limbs was ascer- 
tained to be the same. The apparatus was left undisturbed for a couple of 
hours when no alteration in the two levels showed a good vactum inside the 
apparatus. Now Dis opened to let in about 70c.c. of the solution into A. 
‘This causes a shift in the levels of mercury - in the two limbs of the mano- 
meter. Readings of both the levels are taken atregular intervals until they 
show no change. ‘The difference between the two levels gives the vapour 
pressure of the solution. 

By appropriate manipulation mercury is. withdrawn from the 1 mano- 
meter into the reservoir and the tap W is kept open for x minute to connect 
the solution in A to the evacuating system. This causes the solution to 
“boil” and ensures the escape of any dissolted” gases from it. Mercury is 
reintroduced into the manometer and the evacuation from the limb I conti- 
nued until a good vacuum is obtained above the mercury level in it. The 
difference in the two levels was again noted. This -second reading is inveri- 
ably lower than the first one and accounts for any dissolved gas in the 
solution. ‘Ihe process of ‘ boiling ’ is repeated and a third reading is taken. 
The second and the third observations are usually found to be identical. If 
they differ from each other another reading is similarly taken. At the end 
of the experiment the solution in A was analysed to determine its strength. 

By this method vapour. pressures of ‘various different solutions’ and 

‘liquids (of which the vapour_ pressures are accurately known) were deter- 
mined. ‘TableI records the results of such “measurements and it shows 
a satisfactory agreement between the observed and the ‘ standard ’ values. 


Tape I. 
Substance. Temp. - Vapour pressure. 
*-" >” Jat Crit: Tables. Author. 
Water ; : ae 23°50 mm, 43°55 mm. 
Water 26°0° 24-087 5-10 
38 % HySQy agro" 1450 1457 | 
$5 % Hi80, 25.0" 61s: 6x8 


This agreement justified the final adoption of this method for measuring 
the vapout pressures of liquids and solutions. 
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Evacuation was done with the aid of a vacuum oil pump with an electric 
motor and a pressure of 0°02 mm. was , recorded by Pirani gauge when eva- 
cuation was considered to be complete. All the experiments were carried 
out in a water thermostat electrically heated and regulated at 25 +0'02°. 

Vapour pressures of the three salts and of phosphoric acid are recorded 
in Tables II-V, 


Tasie II, 
Zinc chloride at 25°. 
Concentration. Vapour pressure Osmotic pressure 
% by wt. Molality. (mm. of Hg.). (atmos.). 
m. 
al°05 1965 20°75 1707 
42°42 5°405 16°45 500-0 
55°OL 8°973 II°00 1081'o 
57°62 9°977 9°70 12770 
60°00* II‘0l ¢ 8+10 1556°0 
62-81 12"40 715 1760:0 
65"00% 13°62 5:00 2330°0 
67°51 15°25 4°20 2626°0 
70-00% _ 17°12 2°90 3252°0 
73°03 19°89 1°30 4650-0 
75°02 22°04 0-60 &560°0 


* Menezies and Boving (8th Int. Con. App. Chem, Rep., 1912). 


Tasie III. 
Calcium thiocyanate at 25°. 
Concentration. : Vapour pressure. Osmotic pressure. 
% by wt. Molality, 
8°69 o°6092 22°80 14°63 
19°52 . 1°552 20°70 174°6 
31°32 2°919 17°30 430°3 
40°48 47355 12°20 937°0 
51°13 6699 7°79 1617°3 
57°98 : 97835 3°40 2873°0 
° Tasre IV. 
Zinc thiocyanate at 25°. 
Concentration. . Vapour pressure. Osmotic Pressure. 
% by wt. Molality. 
8°778 0°5302 22°80 42°44 
19°07 1'I32 22°20 99°87 
26°56 1°993 20°75 -105°7 
34°42 2°894 20°25 205-9 
38°70 3°477 19°45 262°6 


42°19 4°02 18°80 310°X 
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, TABLE V. 


Phosphorit ‘Acid at 25°. 


Concentration. Vapour pressure. Osmotic pressuse. 
% by wt. Molality. . 
12°92 1°513 22°0 858 
28°38 . 4°04 20°8 1666 
38-81 6°469 z9°0 291°8 
57°49 ~ ’ 13°79 ' 12°65 873°2 
72°12 26°39 6°45 1917" 
75°93 32°18 5°30 223r'0 
77°9t 35°97 . 4°40 253770 
80°83 43°00 3°40 2976°0 
83°85 52°65 2°70 3381°0 
86-80 67°05 1°80 4101-0 
§9:15 83°77 : 0°90 5335°0 
s 
_DIscUSSION. ; 


Relation between vapour pressure and concentration is shown graphica‘ly 
in Fig. 2, and it is evident from the nature of the curves that the lowering in 
vapour pressure is not proportional to the concentration of the solute. W-th 
zinc thiocyanate, however, the lowering in the vapour pressure seems to be 
almost proportional to the concentration of the salt in solution. 
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Curves 1-4 refer respectively to H;PO, Zn(CNS);, ZnCly and Ca(CNS),, 


, 
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From a knowledge of the vapour pressures,of these solutions their 
osmotic pressures can be calculated. Porter (Proc. Roy. Soc., 1908, 19, 519; 
80, 457) evolved an equation relating vapour pressure to osmotic pressure of 
a solution from purely thermodynamic considerations. The form of equation 
given by Porter has been integrated and rearranged as follows by Wood 
(loc. cit.). 


Ps(x-0oP/2)=RT log, ae =C(mo-7_) + (b~s)(o~m ) : 


T 
where, 


P=the osmotic pressure of the solution when it is under its own 
pressure. 

s==shrinkage in volume of solution when 1 g. of solvent is removed 
from an infinite volume. 


oo=compressibility of water ‘at T° absolute. 
= vapour pressure of water under its own VD: 


“m= vapour pressure of solution under its own v.p. 


' C=concentration of solution. 
b=constant in Callender’s gas equation. 


R and T have their usual significance. ; a 


In applying the equation it is permissible to drop the last term since both b 
and s are nearly equal to unity. Shrinkage s is calculated from density data 
from an expression given by Callendar (Proc. Roy. Soc,, 1908, A, 80, 466). 
With the aid of this equation, osmotic pressures of all the solutions 
have been calculated and it isfound that excepting in the case of zinc thio- 
cyanate, the calculated values of the osmotic pressure are of the order ofa 
few thousand of atmospheres. What exactly such high values of osmotic 
presstire mean is difficult to conceive but it is clear that if such solutions 
were separated by semjpermeable membranes from the pure solvent, 
enormously high pressures will have to be applied to the solution to prevent 
osmosis. The figures in other words indicate the strong affinity which zinc 
chloride, calcium thiocyanate and phosphoric acid have towards water, an 
indication which is in agreement with other properties of these substances. 
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PHYSICAL CHEMISTRY OF RESIN SOLUTIONS. PART IIL 
VISCOSITY. OF SHELLAC SOLUTIONS IN MIXED 
~ SOLVENTS. © 


. By Santr Ranjan PArir. 


The viscosity of shellac dissolved in a solvent mixture composed of two non-solvents, 
acetone and water has been studied over a wide range of concentration and temperature 
The viscosity-solvent composition curves show well-defined minimum at a definite ratio 
of water to acetone in the solvent mixture for shellac concentration of 25% and higher ; 
the lower the temperature, the more sharp and well-defined are the minima. For lover 
concentrations of shellac below 20% the viscosity continually rises with increase in the 
proportion of water. ‘This striking difference in properties in shellac solutions in aquecus 
acetone below and above 20% of shellac has also been noted in the case of some otter 
properties, e.g., gelation capacity, temperature cbefficient of relative viscosity, etc., “or 
which either solvation or micelle formation has been suggested ascxplanation. ‘Ihe 
solvent power as determined by precipitation with aninert solvent like benzene, or by 
cooling, always shows a maximum at about 80% water content. Thus the idea tEat 
viscosity is a criterion of solvent power is shown to be of restricted validity. 


Viscosity data for solutions in a mixture of solvents, where neither of 
the components alone can dissolve the substance but the mixture has goed 
solvent power, are valuable from theoretical as well as technical points of 
view. It has been observed by the author (Palit, J. Indian Chem. Soc., 
1940, 17, 308) that resins show solubility in a mixture of two non-solvents. 
Thus shellac (pure resin) is soluble in a mixture composed of either acetone 
or methyl acetate as one component, and water or glycol as the other, 
though none of the above-mentioned solvents dissolves tke pure dry resin. 
These systems are particularly suitable for viscosity studies in mixed 
solvents as they are generally free from many disturbing effects usually 
associated with substances like cellulose derivatives, proteins, ete. These 
solutions as shown by the author in a previous papes (Palit, ibid., 1940, 17, 
537) are non-colloidal, have comparatively low viscosities (at least ro00 times 
lower than cellulose esters of the same concentration), are amenable <o 
experimentation at high concentrations (even up to 50% or more) and shcw 
fairly reproducible behaviour. The present paper deals with viscosicy 
studies of such systems under varying conditions of concentrations and tem- 
peratures. An attempt has also been made to study the relationshi>s 
between viscosity and solvent power. The latter being determined by the 
method of precipitation by the addition of a non-solvent or by lowering 2f 
temperature, - 
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EXPERIMENTAL. 
Apparatus and Method. 

Dewaxed shellac, powered to 100 mésh and dried at 42° in vacuum for 
4 hours, was stored in a vacuum desiccator and used as required. Fach lot 
was finished within a few days as standing over sulphuric acid for any length 
of time might induce insolubility in the shellac. The solvents were of Merck’s 
chemically pure quality, which were dried and purified by distillation by 
usual procedure. 

Viscosity measurements were carried out in " Hoeppler viscometer 
(industrial type) using appropriate balls (A and B), temperature being 
controlled by circulating water round the viscometer tube from a thermostat 
kept at +0'05°. 

Solutions were prepared by weighing out shellac in stoppered conical 
flask and adding to it the necessary volumes of solvents from appropriate 
burettes and microburettes. ‘To,hasten solution, the flask was placed ina 
water-bath at about 40°, and after the whole had dissolved, which usually 
took about 5 minutes or less, the solution was quickly filtered through a 
No. 1 or No. 2 fritted glass filter to free it from the traces of extraneous 
insoluble impurities (less than 0°1%). The viscosity does not depend on the 
method of preparation or time. In fact, it was observed that even on gela- 
tion of the solution on keeping at lower temperature and remelting it, the 
viscosity assumed the same value at temperatures higher than the gelation 
temperature by 5° or more. Similarly, the time factor was also tested. 

Solvent power as determined by precipitation with a non-solvent could 
not be measured by using the inert petroleum fraction such as heptane as 
advocated by Davidson and Reid (Ind. Eng. Chem., 1927, 19, 977) due to its 
limited miscibility with the shellac solutions in question. Dry benzene or 
toluene was us@d which was added drop by drop to a known weight of 
shellac solution kept ina test tube immersed in a thermostat at 25° or 30°, 
until the first appearance of haziness could be observed. 

Precipitation temperatures were measured by immersing a small 
quantity (5 c.c.) of the sjlution contained in test tubes in water kept inside 
a thermoflask whose temperature was gradually lowered in steps of a quarter 
of a degree every five or ten minutes. The temperature at which opalescence 
could be observed in ten minutes was taken to be the precipitation tempera- 
ture. Celation temperature was observed by the same procedure; the point 
at which the liquid did not flow on inversion of the test tube was taken as 
the gelation temperature. 

The method of expressing concentration is as foilows. A 30% shellac 
solution in aqueous acetone containing 10% water means that the solution 
contains 30 g. of shellac to 70 g of solvent, the latter being composed of 10% 


water and 90% acetone by weight. 
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ai . Viscosity and Concentration. 

Viscosity is influenced by various factors including concentraticn, 
temperature and composition of the Solvent. The variation of viscosity with 
concentration of shellac is shown in Fig. x1 (curves AI, lJ, III and IV ard 
BI, II, III, 1V). 1t will be observed that like all lyophilic compounds, e.g. 
polystyrenes, rubber, cellulose esters, etc., the relationship is not a linear 
one; the viscosity rises slowly at firstand then rapidly afterwards wi-h- 
concentration. From the graph it may be observed that the rapid rise tak2s 
place for concentrations higher than 20% of shellac. 


- 
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No formula is sufficient to represent the curves over the whole range of 
concentration. Kinstein’s formula is eyidently inapplicable. If according 
to Bingham (‘‘Viscosity and Plasticity,’’*p. 202), fluidity, ¢(=1/7) is plotted . 
against concentration, straight lines are not obtained but like nitrocellulose 
solutions (Bingham, loc. cit., p. 280) a definite asymptotic curvature is ob- 
served as shown by a few typical curves in Fig. 1 (D curves). Arrhenius’ 
formula, log /79=C log A (Hatschek, ‘‘ Viscosity of Liquids,” 1929, p. 114) 
is to some extent applicable as shown by the log 7—C curves in Fig. 1 
(CI, II, etc.). It should be pointed out that though the points are approxi- 
mately linear for 20% or higher concentrations, for lower concentrations, 
e.g. 10% or so, the formula is totally inadequate and the points representing 
these concentrations are widely out of the straight lines obtained by joining 
the corresponding other points. 


Viscosity and Composition of Solvents. 
With the same percentage weight of the solute, if the ratio of water to 
acetone in the solvent mixture is changed, the viscosity of the solution is 
profoundly influenced. Some typical curves are shown for shellac concentra- 
tions of 10, 20, 25, 30 and 35% in the graphs (Fig. 2—6) and relevant . 
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Viscosity of 10% shellac in acetone-water. 
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data presented’in TableI. It will be observed from the graphs that ali the 
curves containing 30 or 35% shellac show minima at a concentration of water 
slightly greater than 10%. For 25% shellac the curves for lower tempera- 
tures (20° and 25°) show definite minima whereas the curves at 35° and 40° 
only tend to show the minima as a slight sag in the curve at that com- 
position. This minimum viscosity occurs unlike the other curves on the 
jnitial portion of the curves ata concentration of less than 10% of water, 
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which is due to the fact fhat the gelation temperatures of these soluticns 
containing small quantities of wates are close to the temperature of measu-e- 
ment and so the initial portions bave high viscosities and on increase of 
water concentration the gels are gradually broken down to mobile fluids. 
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Viscosity of 20% shellac in acetone-water. 
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For 20% shellac concentration, the minima. are aban but perhaps a 
small sag is still noticeable in the curves for lower temperatures. For 10% 
shellac concentration, no trace of minima is noticeable but the viscosity 
continually rises with increase in water content’ of the solvent. To sum 1p, 
the’minima appear in the viscosity-solvent composition curves for concentra- 
tiens of 25% or-more of shellac, more prominently the lower, the temperature 
but for lower concentrations (e.g. 110% shellac) no minima exist, the general 
shape of the curves being the same as the viscosity diagram of the pure 
solvent mixture. 

; + oF TABLE I, 


lo) 


= . e rae 
Viscosity of shellac solutions in aqueous acetone. 
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Viscosity ‘and Solvent Power. 
ae BN att ae a BEG i Cais 
.., The precipitation temperature-solvent composition curves show minima 
at the compositions corresponding to the minima in the viscosity curves. 
Liven where:the viscosity-curves show no minima but tend to rise continu- 
ally, the precipitation temperature curves exhibit the minima as-usual. 
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“precipitation « or x gelation which is svesetre of ‘solvent power in the reci- 
procal sense, has been plotted. Also the dilution ratio (i.e. the volume of 
benzene or toluene necessary to be added to just precipitate shellac from ome 
gram of solution), which may be regarded as constituting a direct measure 
of solvent { power (though stich an assumption is not free from ‘objection as 
“can be inferred from the work of Davidson and Reid, loc. cit: ) always tends 
e “show maxima at'the composition corresponding to the minimia ‘in the 
“viscosity curves, ‘The following figures’ for 10%, 20% and 30% sheilec 
‘solutions are, however, Suiicient to establish the general trend as mentioned 
above. 
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To sum up, therefore, the solvent power as determined by both the 
methods always shows maxima at a definite ratio of! water to acetone in the 


* Shellac could not -be sinceitiated even by this insti amount of benzene 
miscible with the solution.. - |: eh “a5 loans 
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solvent mixture regardless of the concentration of*the solute or of the nature 
of the viscosity curves. ° 


DiscUSSION. 


It is generally believed as aresult of the viscometric studies of Gibson 
and McCall (J. Soc. Chem. Ind., 1920, 89, 172), Massén and McCall (f. 
Chem. Soc., 1920, 147, 8x9), Highfield (Trans. Faiaday Soc., 1926, 22, 57), 
McBain, Harvey and Smith (J. Phys. Chem., 1926, 80, 212), on nitrocellulose 
solution and of Barr and Bircumshaw (Trans. Faraday Soc., 1921, 16, 99), 
Mardles (J. Soc. Chem. Ind., 1923, 42, 207T) and Sheppard, Carver and 
Houck (Coll. Sym. Mon., 1927, 8, 243), etc., on cellulose acetate solutions 
that some optimum composition exists for solvent mixtures composed either 
of two non-soivents or of one solvent and another Jatént solvent. At this 
optimum composition the solvept power as determined by any of the various 
empirical methods widely used in the nitrocellulose lacquer industry is 
maximum and the viscosity is correspondingly a minimum, since it is 2 
generally accepted fact that the lower the viscosity, the higher the solvent 
power. ‘This is expressed by Durran (“ Solvents,” 1933, 3rd Ed., p.2), 
as ‘ The viscosity of a solution of cellulose nitrate in mixtures of ether and 
alcohol is dependent on the ratio of ether to alcohol and reaches a minimum 
at a definite ratio. This ratio is a characteristic property of the particular 
cellulose nitrate but does not depend on the amount of it in the solution.” 


Fic. 5. 
Viscosity of 30% shellac in acetone-water 


Viscosity (centipoise). 
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‘The present work, however, demonstrates that the existence of minime 

n the viscosity-solvent composition curve is nota general behaviour but 
occurs only when the concentration of*shellac exceeds certain value (about 
20% of shellac). The fact that the nature of the curve changes below anc 
above a certain concentraiion is of greater significance than what only 
appears from the above diagrams and a comparison of the properties of the 
system below and above this concentratiou offers certain other singularities 
It has been observed that all solutions above this minimum concentra- 

tion (20-25%) form transparent, clear, thermoreversible gels on cooling 
whereas on cooling a shellac solution, which is below this minimum concen- 
tration, the solid separates out as flakes or curd with scarcely any tendency 
towards forming a transparent jelly. From a concentration of about 20% 


Fic. 6. 
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Viscasity of 35% Shellac 
in Actone -Water. 





Viscosity (centipotse). 





Gelation Temperature (dotted curve) ——> 
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and upwards, the solution on cooling becomes somewhat hazy due to the 
separation of a number of flakes and then if fortfis a clear gel in which the 
flakes may be seen embedded. The awiount of flakes separating during 
gelation gradually decreases as the concentration increases until at just above 
25% shellac concentration, gelation absolutely free from precipitation takes 
place. This gradual transition from precipitation through curd-formation 
to gelation, perhaps shows that an increase of concentration brings about 
some fundamental change :n the nature of a closer relationship between the 
solvent and the solute. : 


Of course, this may mean simply that just like other lyophiles, e Ug i 
gelatine, cellulose acetate, etc., for which a minimum concentration of the 
colloid is necessary for gelation as observed by various workers of which a 
summary is given by Mardles (Trans. Faraday Soc., 1923, 19, 118), this 
minimum gelation concentration is unusually high for the shellac system — 
and happens to be at 20-25% ofshellac. Though this is mainly correct, the 
already mentioned peculiarities in the viscosity-solvent composition curve 
and viscosity-concentration curve are also worthy of notice. Besides, though 
Arrhenius’ equation is approximatety valid above this concentration, it 
totally ceases to be so below a concentration of 20%. 


A comparative study of the temperature coefficient of relative viscosity, 
as has been done in Fig. 7 where 7/79 bas been plotted against temperature, 
qn and 9 signifying the viscosity of the solution and the solvent respectively 
at the same temperature, reveals some interesting features. It is clear from 
the almost horizontal course of the graph that upto the minimum concentra- 
tion referred to, the temperature coefficient of the solution is slightly higher 
than that of the pure solvent, whereas for higher concentration (say 25%, 
30% or higher) the relative viscosity falls steeply with temperature. The 
latter behaviour is characteristic of all lyophilic substances (Hatschek, 
loc. cit., p. 114), whereas for lyophobic substances, relative viscosity main- 
tains about a constant value overa wide range of temperature. ‘The con- 
clusion seems irresistfple that over a small range of concentration of the 
solute, it changes from lyophobic to lyophilic nature, and perhaps this 
transition to the lyophilic state is responsible for the gel-forming property of 
the solution. The high temperature coefficient of viscosity particularly near 
about gelation point is also worthy of notice. The viscosity amounts toa 
few poises only at three or four degrees higher than the gelation point and 
within this small range of temperature the viscosity rises to infinity (i.e the 
solution gels). This is shown graphically for a few typicai solutions 
in Fig. 7. 
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All the above observations may also be explained from considerations 


of the colloid nature of such solutions, though it has been previously shown 
by the author (loc. cit.) and also by Houwink ‘‘ Nature und Kunstharzen’’, 
1934, P. 206) from viscometric studies that at least in dilute solutions shellac 
and most other natural iesins exist in the truly dissolved state. It may be 
that over the small range of concentration through which gelation properties 
appear, micelles are being formed by the reversible association of resin 
molecules, and this may be responsible for the latter behaviour of the system. 
The existence of micellar aggregates in concentrated solutions to which is to 
be primarily -attributed the gelation capacity of the system, is gradually 
weakened by the initial addition of water, perhaps due to adsoiption of water 
on the smaller units to form a protective layer, with consequent decrease of 
of viscosity and increase of solvent power. The final increase of viscosity 


4 
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with further addition of water may, on this view, be explained as due to 
increased micelle formation as a result of decrease in solubility of the resin 
by the addition of a non-solvent water. *The parallelism of this hypothesis 
with the behaviour of soap solutions is only too apparent, since the existence 
of a critical micellar concentration for the aqueous soap solution have recently 
been proved (Hartley, J. Amer. Chem. Soc., 1936, 58, 2347), beyond dispute. 
The parallelism with soap further consists in that like ghellac system in 
question, alcoholic solutions of soap are molecularly disperse at least in 
dilute solutions, though soapy solutions in organic solvents are weil known 
(vide, Lederer, ‘‘ Kolloidchemie der Seifen,’’ pp. 78, 229), to produce very 
stiff jellies on cooling. 

It is easy to see from the literature why previous workers invariably 
obtained a minimum in the viscosity-solyent composition curves. ‘They 
have always directed their work to such concentrations of the solute as are 
well above the minimum gelation concentration, which is very low (iess than 
05%) for substances like cellulose esters, 1ubber, etc., which have hitherto 
been the main objects of investigation. 

Since, as already pointed out, the solvent power-solvent composition 
curves always exhibit maxima even for low concentrations of shellac (10%) 
where the viscosity continually increases with increase in the concentration 
of water, the solvent power is in no way parallel or related to the viscosity 
of the solution. A solvent containing about ro tors5% water may, in this 
case, be justly regarded a better solvent than one containing, say 5% water, 
because from the latter the dissolved shellac is more easily precipitated by a 
lowering of temperature or by the addition of a non-solvent; but the visco 
sity of the former solution is certainly much higher than the latter (Fig. 4). 
We may, therefore, qualify the prevalent general belief first expressed by 
Schwartz and upheld by McBain and co-workers (loc. czt.), that “‘ the best 
solvents yield solution of lowest apparent viscosities’, by adding that this is 
true only above the minimum gelation concentration but may sometimes’ 
totally fail below this minimum concentration. . 
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CHEMICAL REACTIVITY AND LIGHT ABSORPTION. 
ne. & PART IV. 


By N. R. Duar, A. K. BHATTACHARYA AND S. P. AGARWAL. 


Total absorption of light by a mixture of the reacting substances has been observed 
to be greater than the absorption of each substance taken separately in reactions studied 
in the present paper. The increase in light absorption in each case varies with the 
concentration of the reducing agent. The dark reaction velocity also decreases with 
the decrease of concentration of the reducing agent. The chemical reactivity and 
the increase in the light absorption by a mixture are almost equally affected by a change 
in concentration of the reducing agent. The increased light absorption appears to 
be due to the activation of molecules in the presence of the molecules of the sensitising 
agents. The activation of the molecules is associated with loosening of the binding 
forces and the consequent increased light absorptidn. 


In previous publications (J. Indian Chem. Soc., 1934, 11, 33, 311, 629; 
Indian J. Phys., 1936, 10, 43) it has been shown that the introduction of 
a reactive chemical substance ina light absorbing substance increases its 
power of absorbing light. The increased absorption appears to be 
due to the activation of the molecuies of the absorbing substance. 
It has also been shown that in the reaction between sodium formate and 
iodine an increase in the concentration of one of the reacting components 
leads to an increase in light absorption by a mixture of sodium formate 
and iodine. Fiom our experimental observations it appears that the heat 
of reaction and increased light absorption go hand in hand. 

In this paper the influence of concentration of one of the reacting 
components on the chemical reactivity and light absorpgion in the case of 
several reactions has been investigated. 


EXPERIMENTAL 


For photographing the absorption spectra, two spectrographs (Adam 
Hilger, Quartz Spectrograph, Types Es; and E,) were used. In these 
experiments a copper arc worked with 220 volts and 4°5 amperes was 
utilised as a source of light. The reaction vessel was of quartz with 
internal dimensions 13 cm.x3 cm.x5cm. Results have been recorded 
below. 

Oxalic Acid and Chlorine.—Both the reacting substances being photo- 
sensitive, the reaction is very fast in absence ot hydrochloric acid, and its 
velocity is difficult to measure. Hence hydrochloric acid was added to 
retard the reaction. The photographs and the following results show that 


x 
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the greater the concentration of oxalic actd arfd hence the greater the 
velocity, the greater is the absorption of light by the mixture (Table I). 


TABLE I. TABLE II. 
Oxalic Increase in light &, (animol. vel. Ferrous ~ | Increase in light 
acid. absorption by, coeff. in region sulphate absorption by 
the mixture A=B1258. on e the misture. 
Nito . - 3248 - . orT2z09 yr. 4h 1628 
N/ao 254i -* 067+ - 4%. 92h 


Ferious Sulphate and I odine.—In this reaction also an aqueous solution 
of iodine was used. Both the components are iight sensitive (Table II). 

Sodium Tartrate and Iedine.—-Increased light absorption by the mixture, 
is observed with increase in the concentration of the tartrate solution. 

Sodium ‘Formate and [odine.—Dhar arid Bhargava (J. Phys. Chem., 
1935, 39, 1231) investigated the light absorption by mixture of sodium 
formate and iodine dissolved in potassium iodide. In this paper, the results 
obtained by using aqueous solutions of iodine are recorded (Table III). - 


TaBre IIT. . : ‘Tasty lV. 
Sodium Increased light k, (unimol. vel. Hydroxylamine Total absorption 
formate. absorption by coeff. in the * hydrochloride from wave- 
, the misture ~ dark). length. 
N/2 162A ~ 0.246" N/2 - 30288 
Ni4 92k o°124 N/4 2g05h 
N/20 28438 


Hydroxylamine Hydrechloride and Iodine.—In this reaction as well as 
in the reaction with hydrazine sulphate hydrochloric acid has to be 
added, as the reaction was too fast to be measured in absence of the acid 
(Tables IV and V). 


TABLE V. . ; TABLE VI.- 


Hydrazine sulphate andiodine.. —s- Ferrous ammonium sulphaie and 
(HCl added.) silver nitrate. 
Hydrazine Increased light Ferrous ammon- Tncrease in light 
_ sulphate absorption b% ium sulphate. absorption by the - 
. . the mixture. : ‘ . : mixture. ; 
Niso . » 2088 04% 468. “ 
. N/wo  .. 185K 02% - ae 
- N/500 1628 


Acetone and Iodine.—In ithsd reaction iso! the greater the concentra- 
tion 6f acetorie, the greater is the light absorption by the mixture. 

“It was shown by Dawson and others (J. Chem. Soc, 1909, 95, 1860 ;- 
1913, 103, 2135) that the reaction between acetone and iodine is catalysed’ 
by hydrogen ions. The effect of the catalyst is only to increase. the velocity: 


* 


' 
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of enolisation of acetone,ewhich takes place according to the following 


scheme :— . 


H,C—- - —CHs = H,= co CH; 
0 ; OH 


‘This. increase. in velocity is directly’ proportional to the concentration 
6f hydtogen ions. We have photographed the absorption spectra of the 
mixiure of acetone and iodine, using a wide ) tange of concentration cf 
hydrochloric acid, viz.,from 12:0 N to 0-17 N. “The results are recorded 
on Plate I. The spectra shows a regular decrease. in absorption as the 
concentration of hydrochloric acid decreases. : . 

. These results lend strong evidence in support. of ae view that the’ 
increase in light absorption.is the direct result of the increased chemice! 
reactivity of the molecules. ° 

Potassium Permanganate and Hyareenone: ‘Acid. —The sihicenach 
brings out that in this reaction, the greater the concentration of hydrochlor c 
acid the greater is the increase in light absorption by the mixture. 

From the photographs it is also evident that complete absorption by tke 
reacting- mixture begins from a longer wave-length than that by the reacting 
components and that the increase in the concentration of the reducing agent 
leads to more light absorption by the mixture. 

Our results further show that with the decrease in concentration of 
the reducing agent, the velocity of the reactions concerned and the chemical 
teactivity of the mixture diminishes as also the light absorption. Tke 
photographs also reveal that with a very dilute solution of tke 
reducing. agent, the mixture does not show any appreciably enbanced 
absorption and at these concentrations the velocity of the chemical reactiors 
is also almost negligible. a ; 

These’ investigations on the influence of concentration on chemical 
reactivity and iight absorption have further supported the observations of 
Dhar aud Bhattacharya (J. Indian Chem. Soc., 1984, 14, 33) that several 
reactions show marked acceleration by infra-red radiations of wave-lengtks 
7304 A and 8500 & because the presence of the reducing agent markedty 
sensitises the decomposition of the other molecules. rier : 

These observations showing that: the chemical reactivity belices tke 
siibstances is accompanied by. increased light absorption, and this phens- 
menon of sensitised decomposition bring to a close the long controversy 
regarding the minimum frequency of radiations capable of initiating the 
chlorine-hydrogen reaction, because in presence of hydrogen the CI-Cl 
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link is considerably weakened and hencesradiation of wave-lengths longer ~ 
than 5000 &, which are capable of atomising a chlorine molecule, can 
initiate the chemical change. 

From our results with mixtures of hydrogen and chlorine, hydrogen 
and bromine vapour, methyl alcohol vapour and bromine vapour, ethyl 
alcohol vapour and bromine vapour etc., it is clear that the light absorption 
by a mixture of the reacting substances occurs over a wider region of the 
spectrum than in the case of absorptions by the ingredients considered 
separately. It is interesting to note, that there is no variation in the:position 
of the absorption limit when the gases or vapours are passed through concen- 
trated sulphuric acid or phosphorus pentoxide. In other words, désiccation 
considerably decreases the chemical reactivity and prevents the combination 
of hydrogen and chlorine o: hydrogen and bromine in the visible region. 
Hydragen sentitises the dissociation of chlorine and bromine molecules and 
makes them reactive in radiations of longer wave-lengths only. in .the 
presence of moisture. These observations support the important work of 
Baker who showed that intensive drying greatly reduces the reaction velocity 
of substances. Baker (J. Chem. Soc., 1906, 89, 1402) and Tamm (Z. physikal; 
Chem., 1923, 105, 356) showed that hydrogen and chlorine, dried over 
phosphorus pentoxide did not combine at all in ‘visible light. Coehn and 
Jung (Z. physikal. Chem., 1924, 110, 705) found that there was no combina- 
tion in the system where the pressure of water vapour was estimated to be 
tomm. of Hg., no reaction occurred even after 20 days’ exposure to 
sunlight, but that the reaction took place rapidly when the pressure was 
ro™> mm. Bodenstein and Dux had found that the ‘variation of water 
vapour between 10mm. and 10°* mm. had no effect on reactions between 
hydrogen and chlorine and concluded that the non-reactivity of gases dried 
over phosphorus. pentoxide might be due to some inhibition. 

It can now be stated with a certain amount of definiteness that the 
appearance of a continuous absorpsion (non-quantised absorption) spectrum 
of a gas is always a case of photochemical dissociation taking place in the 
gas. Moreover, convergence limits in continuous absorption have up till 
now been observed only for those molecules in which the binding forces are 
appreciably weakened by light absorption. 

It appears, therefore, that increase in light absorption by a molecule is 
associated with it increased reactivity and loosening of the binding forces. 
Conversely when a molecule becomes more reactive, it is likely to absorb 
light more markedly. - 

Victor Henri has reported that with an increase of temperature the 
limit of dissociation is shifted towards the higher wave-length side and that 
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_ the radiation corresponding to the region of predissociation causes photc- 
. * * e 2. ene . 
+ chemical reaction or chemical sensitisation of the molecules, 


’ From the researches of Henri and others, itis clear that on increasinz 
the temperature, the absorption limit is shifted and the molecules dissociat= 
on illumination by radiations of longer wave-lengths. Thus with acet- 
aldehyde, the absorption spectrum at the laboratory temperature consists cf 
a large number of ‘sharp bands with definite structure between 23484 b 
3050. Near A3050 the bands become blurred rapidly due to predissociation 
of the molecule and about 60 diffuse bands reaching up to ’2823 have bee1 
measured. Also there is superimposed on these diffuse bands, a broad 
continuous band starting at about A3080 with ‘a maximum at A2&s50 and 
which subsequently falls off in intensity more and more on the ultraviolet 
side. If acetaldehyde vapour is heated to 200°, feeble diffuse bands appeer 
between A3500 and A3200 with a strong continuous absorption reaching far into 
the ultraviolet. When acetaldehyde vapour is illuminated at the laboratory 
temperature, decomposition takes place into CO and CH,, only when tke 
wave length is A3002 or shorter ; whilst at 200°, vapour can be photolysed 
by radiations of wave-!ength exceeding A3100. 

It appears, therefore, from these researches on phctcchemical decom- 
Position and: predissociation that the increase in the cheinical reactivity of a 
substance by increase of temperature is associated with a shift in tke 
position of the absorption bands specially in the ultraviolet ; region. 
Moreover, increased temperature of the molecule sensitises them towarcs 
their decomposition by longer wave-lengths. Hence the weakening of te 
binding ‘forces.of molecules and their consequent unstability are associated 
with shift of absorption bands and of the limit of continuous absorption ky 
the molecules. 

Just as an increase of temperature or light absorption weakens tke 
binding forces of a molecule. the introduction of a chemical substance ino 
an absorbing system may also loosen the binding forces of a molecule. 
For example, the presence of a reducing agent accelerates the decompositicn 
of ‘an oxidising molecule. Thus in presence of reducing agents like 
hydrogen, carbon monoxide, ferrous salts, nitrites, hydroxylamine, alcohols, * 
accetone, organic acids and their salts, etc., the halogen molecules becorre 
reactive even in the dark as well as when exposed to radiations of wavy>- 
lengths longer than those necessary for their sensitised or photochemical 
dissociation, because the binding forces of the halogen molecules a-e 
considerably weakened due to the presence of the reducing agents. 

It has been shown previously with numerous reactions taking place ‘n 
solutions that the light absorption by a mixture of the reacting substances 


r 
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is always greater than the absorption of the ingredients considered separately. 
The increase in absorption appears <to be due’to the activation of the 
molecules by the- presence of the mélecules of the other substarces. - The 
activation of the molecules is associated with the weakening of the one 
forces and consequent increased light. absorption. , 

The observations of Weigert and Kellermann (Z. physikal. Chem., 1923, 
407, x) on increased light. absorption by a mixture of chldtine and hydrogen 
and the increased light absorption observed. by J. C. Ghosh and cdllaborators 
(J. Indian Chem. Soc., 1627, 4%, 35353 1928, 5, 191,569), with mixtures _ of 
organic substances and solutions of ferric and mercuric chlorides, end uranyl 
nitrate, can be interpreted on-the viewpoint ‘that the chemical reactivity 
of these various systems is associated with the weakening of.the binding 
forces and increased light-absorption. Fajans and. Karagunis (Z. physikal. 
Chem., 1929, B5, 385) have shown that the light absorption by- silver -iodide 
containing adsorbed silver is appreciably greater than that of ‘silver iodide 
containing adsorbed iodine or: that-of-silver- iodide alone. “Moreover, 
it-is well known that the silver halides containing adsorbed silver are more 
photosensitive and hence more liable to be decomposed in light than-the 
silver halides containing an. excess of the halogen.. -Similar, results - have 
been obtained with other silver halides. The presence-of silver sensitises 
the photodecomposition of silver halides and weakens the binding forces 
between silver and the halogen atoms and causes increased light-absorption. 
From the above facts it can be concluded that the contact of one reacting 
substance with another weakens the binding forces of the molecules.of 
reacting substances just as increase of temperature or light . absorption 
loosens the binding forces. The close proximity or contact of another 
molecular species capable of chemically reacting with the first cne, plays 
practically the*same rdéle as that- of the physical agencies, viz. increase of 
temperature or light absorption. ; 

From the numerous cases cited i in this paper it seems clear to us that 
if there is possibility of the occurrence of a chemical change by. mixing 
two or more substanceg, variation in the position of the absorptioa limit is 
likely to be observed in ‘these cases. We are of opinion that the shift i in 
the position of the absorption | limit in the case of a mixture in comparison 
with those of the ingredients i is likely to be a measure of the reacz ivy of a 
given mixture ‘of two or r more. substances.. 
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ESTIMATION OF ZINC IN SNAKE VENOMS BY. 
MICRO-QUINALDINATE METHOD. 


By PRIVADARANJAN Ray 


‘ ; . 

Percentage of zinc in varions types of Indian ‘snake venoms has been determined 
microchemically by means of sodium quinaldinate. It has been found that the zinc 
content varies from 0°56% in the case of naja naja cobra- venom to less than o-0a% for 
Bungarus ceruleus among the colubrides, and from o°186% in the case of Echis carinata 
to 0704% for Russell's viper among the viperides. In purified neurotoxin and haemolysin 
fractions of Naja naja cobra venom tbe zinc percentage is reduced to negligible amount. 
The results indicate that there is no relationship between the zinc content of the crude” 
venom and its toxicity as was previously assumed by Delezenne. The sensifivity and 
the reliability of the quinaldinate method for the estimation of minute’ quantities of 
zinc in biological materials are thus clearly demonstrated. 


2 


Zinc has been found to be a constant constituent of - -all animal cells. 
Delezenne (Ann. Inst. Pasteur, 1919, 38, 68) found that in the venom of 
serpents it is present to the extent of o-3x+0-56% in colubrides and 
O°1I-0'23% in viperides. According to. his observations the proportion of 
zinc in the venom was found to vary-inversely with the coagulating and 
proteolytic properties of the Jatter_and directly with its nucleolytic 
and haemolytic activities. 

The method of estimation adopted by Delezentie + was the usual ‘macro- 
method of precipitation as sulphide and ignition of the latter, into oxide. 
As the estimation of small quantities of zinc by this macro-method is not 
likely to give very accurate results.for the purpose of such comparisons 
between toxicity and zinc content of venoms, it, was copsidered desirable 
to determine the zinc content of the venoms of certain Indian snakes by 
using a more dependable and refined method. Sodium quinaldinate was, 
therefore, selected as the most suitable reagent for the micro-chemical 
estimation of zinc in the venoms (Ray and Bose, Mikrochemie, 1935, 17, 11).° 

It was also of interest to re-examine this problem, since Slotta and 
Fraenkel-Conrat (Ber., 1938, 74,1078) in their work on the rattle snake 
(Crotalus t. terrificus) venom failed to detect the presence of zinc either in 
the crude venom or in the crystalline poison Crotoxin, isolated by them 
from the venom. 

Seven different types of Tadien snake venoms were analysed for zinc in 
our laboratory. Five of these are colubrides, such as cobra venoms—Naja 
naje, Naja tripudian, Naja bungarus, and- the krait venoms—Bungarus. 
fasciatus and Bungarus ceruleus. The other two are viperides—viz,,. 
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Vipera russellit and Echis carinata. Zinc was found and estimated in all 
these crude venoms. The smallest percentage was found in Bungarus 
ceruleus, Though the maximum amovuht (0'56%) found in colubride 
venoms (i.e. Naja naja) corresponds closely with that obtamed by 
Delezenne, there is, however, considerable discrepancy in the case cf lower 
limit for both the colubrides and viperides («0°02% in Bungarus seruleus 
and 0-04% in Russell’s viper). Further, contrary to DeleZenne’s observa- 
tions the toxicity in the two viperide venoms examined does sot run 
parallel with the zinc content. The same holds good also with the colubride 
venoms. 

The following table gives a comparative idea about the zinc content 
and the different aspects of activity of the venom. 


Tasue I. 
Venoms Neurotoxic acti- Hasemolytic Coagnlating Proteolytic Zinc content 
vity (same as _ activity. power. power. (average). 
the toxicity 
value). 
Naja Bungarus 0°0033 mg. Not determined. ... + 004% 
Naja najfa 0°035 tb ite + 0°554 
Naja tripudian 0'030 apf op ae + 0°457 
B. cerulens o°0009 +++ + 0°02 
B. fasciatus 0°370 ++ ove + or0253 
Echis carlnata 070093 + + ++ 0°186 
Vipera russell Orolo Less than ++ + 0°04 
Echis 


(+- indicates moderate, ++ indicates high, +++ very high, ... indicates nil.) 


The purified feurotoxin and haemolysin factors of Naja naja cobra 
venoms (Ghosh and De, Indian J. Med. Res., 1938, 23, 779) were then 
examined for zinc content. The neurotoxin factors gave a rather low 
value (or5 and 0-04% Zn), whereas haemolysin factor was practically free 
from it. It is quite likely that with further purification the neurotoxin 
factor will also be found to be free from zinc Obviously, zinc cannot be 
regarded as an essential constituent of the poison, present in the crude 
venom. 


Method of Estimation. 


Among the inorganic constituents of snake venom calcium, magnesium; 
sulphur and phosphorus were detected besides zinc. None of these 
elements interfere with the estimation of zinc as quinaldinate. 
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About 0-08-o'r5 g. of theevenom was treated with 1 c.c. of fuming nitric 
acid and x c.c. of perchloric acid in’ a small s5oc.c. beaker covered witha 
watch-glass. This was at first heated on the water-bath and then over an 
asbestos board. ‘Thick white fumes of perchloric acid came out and the 
mixture was evaporated to dryness. ‘The residue was again treated with a 
small quantity of perchloric and fuming nitric acid mixture, which was 
evaporated to dryness as before. The treatment with the acid mixture and 
evaporation were repeated for the third time when the residue obtained was 
perfectly white. All traces of perchloric acid were then removed by heating 
and the residue was moistened with a drop of concentrated hydrochloric acid. 
The excess of the latter was completely removed by heating the beaker on 
the water-bath. The dry mass was then treated with a drop of glacial 
acetic acid and dissolved in x or 2 ¢.c. of water by warming. ‘The solution 
was filtered into a weighed micro-beaker and the filter paper washed with a 
small quantity of hot water. The volifne of filtrate in the beaker was 
reduced by evaporation by placing the beaker in its holder on the water- 
bath. Zinc was then precipitated by sodium quinaldinate. The precipitate 
was filtered through an Emich’s filter-stick, dried in Beneditti-Pichler’s 
-drying apparatus and then weighed on a micro-balance. (Réy and Bose, 
loc. cit.). Results of analysis are tabulated below. 


Tare II, 
_ Venoms. We. of venom. ZnQ2. Zn. Analysed by Toxicity value. 
I. Nafanaja orq1qg.  5°2466 mg. 05685% T.C, Sarkar}. 
5 _ 01086 ~ 40280 : o5670 |. P. Roy 
m, + ; o*I050 3°7580 oO*s47r T. C. Sark@r 0035 Ing. 
” 0-0797 27580 —_. 0°5290 - oo” ; 
” _ o1sg6 ., §8170 _ 05572 4 
Naja bungarus - o"osI2 0'1350 00403 S. Ghosh 00033 
7 0°0536 §=— 0“ 1430 04070 ; i is 
Naja tripudian 09-0553 16510 0-4564 H. Bhattacharya 0,03 
" 00713 axjg0 _—(Ong585 ” ” 
Bungarus 
fasciatus (i) 071472 0-4770 0-0288 T. C. Sarkar . 
‘i (ii) - 0-1057 01640 | 00237 Bi 
‘3 or1§28 0-2380 - 00238 - =P. Ray ed 


” o-1664 0°2690 ve 0-0247 ” 
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- + * Maprn TI (contd). 
Venoms. We. of venom, ZnQ3. Zn. * Analysed by. Toxicity vaine. 
Bungarus 
ceruleus 00879 g. Trace «o0a%  S. Ghosh 0-0009 mg. 
Vipera 
russeliit (i) 0°1028 02450 mg, 00380 §. Ghosh * | 
5 00860 02270 00408 in | 0-05 
a Gi) 00752 0°2030 0°0410 i 
Echis carinata —_—0-0892 1083 0-1856 S. Ghosh 0°0093 
Haemolysin 10 Trace Bes S. Ghosh 9 times more 
(Naja naja) 50% pure active than 
mixed with haemolysin crude venom 
mineral salts, fraction for same N- 
NaCl etc, content. 
e < 
Neurotoxin (i) 0-0575 0°4070 omrs H. Bhattacharya 15 times more 
+ (Naja naja) 82% ‘ org in ; active than 
mixed with neurotoxin neurotoxin ernde venom 
mineral salts fraction for same N- 
content. 
3s ii), o-0606 o'1680 - O04 = 5 17 times more 
82% 0-052 in active than 
neurotoxin neurotoxin crude venom 
for same N- 
content. 


* ZnOy=Zine quinaldinate. 


Toxicity values represent the minimum lethal dose for a pigeon “300 g. by weight 
by intravenous injection. ; - 

The results giving values down to 0:025%, demonstrate the sensitivity 
and the reliabilityeof the method. 


My best thanks‘ are due to Dr. B. N.“Ghosh of the Department 
of Applied Chemistry for the supply of neurotoxin and haemolysin fractions 
of Najanaja cobra venom and for determining the toxicity values of the 
venoms. I express here my thanks also to Mr. A.C. Ray, M.Sc. in the 
Department of Pharmacology, Schooi of Tropical Medicine, Calcutta, for his 
kindly supplying me a sample of Echis casinata venom. All other venoms 
were purchased from Drug House Ld., Calcutta. 


Tnorcanic CaemistRy Lazoratory, 
University COLLEGE OF SCIENCE, Natt 
CALCUTTA. 2 Recetued September 19, 1940, 


ADSORPTION OF MOND. AND POLYBASIC ACIDS 
BY SUGAR CHARCOAL. 


By KesHo Dass JAIN AND J. B. Jua. 


The pancepiion of mono-, di- and tri-carboxy acids and bi-salts of dibasic acids by 
sugar charcoal activated at 800-850° has been studied. Adsorption of solutes, particularly 
monocaboxy acids, from solution by sugar charcoal follows the ordinary laws of adsorp- 
tion and is mainly a surface phenomenon as log x and log C curves are straight lines 


While studying adsorption of polybasic acids and their acid salts curious 
adsorption curves of somewhat periodic nature were obtained. Although 
a considerable amount of work seems to have been done in this direction 
this fact escaped notice by the previous workers. Sabalitschka and Finger 
(Dissrtn, Berlin, 1927-28); T. Sabalitsch&a (Pharm. Ztg., 1924, 72, 382), 
Nekrassov (Z. physikal. Chem., 1928, 186, 18, 379); Dubinin (ibid., 1920, 
440, 81; 1930, A180, 145; J. Russ. Phys. Chem. Soc., 1930, 62, 1829), 
Bruns (Kolloid Z., 1931, 54, 33), Roychaudhury (J. Indian Chem. Soc., 1931, 
8, 433), and others studied the. adsorption. of mono- and dibasic acids by 
sugar charcoal, and all the workers mentioned aleve obtained smooth 
curves, showing regularity in adsorption. 

While monobasic acids, both aliphatic and aromatic, behaved 
normally, the adsorption curves obtained from organic and inorganic di- and 
tribasic acids were invariably somewhat of a periodic nature. 

Adsorption curves obtained for the acid salts of dibasic acids also give 
curves which are similar to those obtained from acids themselves. 


EXPEHRIMENTAL- ° 


Preparation of Sugar Charcoal.—Crystals of cane sugar were carbonised 
with strong sulphuric acid and repeatedly washed with boiling distilled 
water till free fromacid. It wasthen dried, groundto fine powder and 
passed through-120 mesh sieve. It was finally heated’-in a muffle furnace 
-at 800-850° for nearly an hour. After heating the charcoal was left ina 
well stoppered bottle out of contact with air. The.sample of the charcoal 
thus prepared left 0'42% of residue on ignition. 

Method of Analysis-—The adsorption experiments were carried out by 
-weighing exactly 1 g. of the charcoal in clean, dry, glass bottles, similar in 
size to which 100 c.c. of the acid solution in.freshly prepared distilled water 
were pipetted... The bottles were shaken for.the same length of time and 
kept for about x8 hours, after which the amount of the solute was deter- 
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mined in the supernatant liquid by usual arfalytidal methods. The original 
concentration (Co) was the amount of the solute originally taken in bottles, 
that in equilibrium with the charcoal is represented by C,. The amount 
of adsorption (x) was determined by differences. The experiments were 
repeated with every care. 

Results for adsorption of various acids are recorded in Tables I and 
II, while that of bi-salts in Table III. 


Taste I. 


Dibasic acids. 
mo Adsorption by 1 g. of the charcoal from 100 c.c. of the aqueous 


. solution of acids, 
~ e 


: Acids. Co. Co ot ; Log Ce: Log x. 
5 Oxalic 29782 rg2ss 9-057 0.466 2°7217 
28293 2°7554 00739 o*44or 2°8685 

2°6804 2°6193 o*0611 o*418z 2°7857 

2°5315 2°4832 0°0483 0°3950 2°6835 

ee 2°3825 an 0°0693 0°3642 9°8409 
i) te 2°2336 22771 0°0565 0°3379 2°7523 
2-0847 a°04I0 0°0437 0*3098 26409 

- , : 1°9358 18710 0°0648 0°2720 © a°8119 
1"7869,: 1°7348 ‘ovogaz oe 0*2390 7072 

36380 < - * Tegq88- - - 00392 - orange 9°5937 

Malonic 2°9782 2°8920 "90862 o°4612 3°9354 
2+8293 2*7516 0°0777 0-4395 2°8g02 

2*6804 ‘s 25831 0*0973 0.4121 2°9880 

: 2*5315 2°4573 |= 0°0742 0"9904 2°8702 
. : 23825 2°3023 _or0802 0°3621 2°9044 
rs 2°2336 _2°1620 o°0716 0°3349 3°8551 
os 2°0847 270216. 00631 973056 2°8003 
git SF 19358 1°8671 070687 + O27IT 2°8373 
ters 27869 17127, 0°0742 > 0°2335 | -B906 


Ban oe 1°6380 1°5727 00653 01965 * 98168 
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Tare I (contd.). 


Acids. ae os %. Log Co. Log ¥. 
Succinic 2°9782 2-8671 ° O*IIIL 0°4575 T0457 
2°8293 2°7346 0°0947 074368 2°9763 

2*6804 2°5645 O*II59 0-4089 10638 

#45315 I°424 O°rI04 0°3840 10427 

2°3825 2°2937 0°0888 0.3604 "9486 

2°2336 2°1344 o°agga 0°3292 2'9967 

2°0847 I'Q75I o*1096 0°2956 T0402 

1°9358 1°8318 o*1040 0°2630 10172 

1-7869 1-6884 0°0985 0°2275 49936 

1°6380 I°S45I 0-0929 0-1889 9°G682 
Phthalic 13990 0°3798 06192 1°5789 a°a8ar 
0°3790 0-3608 00182 1°5573 2°2608 

0*3590 0°341I “o'0180 1°5329 a°ac42 

0°3301 0-3178 0°0213 1°5023 2°3249 

0°3192 03001 O-OIgI 1°4774 3°2806 

0°2992 02767 dieias I°44IQ 2°3536 

0°2793 0°2662 0°0132 I°425z 3°rI99 

0°2593 02426 - o°0167 1-3889 3°2235 

0°2394 0°2204 a"0rgo I°3432 2°2786 

Fie. 1. 


Logi, x. 





2°14 2°21 2°27 2°33 2°37 «2 4I 2°45 2749 
Login C,. 


\ 
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The results for the adsorption-of di- and .tri-cagboxy acids are given in 
Tables I and II. It will be seen thatthe order of adsorption : succinic > 
malonic > oxalic ‘shows that the adsorption increases with increase in 
molecular weight, i.e., in favour of the Traube’s rule for homologous series. 


2 Tasie II. 
Tribasic acids. 


Adsorption by x g. of charcoal from 100 c.c. of aqueous solution of acids. 


Acids. Co. Ce: x. Log Ce: Log #. 

” Citric “a°5540 + 2°5348 00190 0°4037 ar2788 

2-426 "4034 0°0227 “03807 2°356a 

2°2984 2-2720 0'0264 0°3564 2°4219 

; a°1707 a°1405 _orogoa 0°3305 24804 

7 ~ 20430 2°0279 O°OISI 0.3071 2.1801 

T°9153 _ 18776 070378 . 0°2735 2°5769 

> 3°97877  1°7650 0°0227 0-2468 2°3553 

; 16599 ; 1°6335 o*0265 0°2131 2°4229 

; 1°5323 r.5209 o'or4 o'1821 a056a 

om 1°4646 1+3895 o°ols2 0°2429 2°18x6 
Tasie III. 


Bi-salis of dibasic acids. 


Adsorption by 1 g. charcoal from 100 c.c. of aqueous solutions of salt. 


Bi-salt. Cy- Ce. % Log Ce. Log x. 
Pot. hydrogen 2°2792 22579 - 0°0213 0°3537 ° 2°3284 
phthalate - 

a°1652 a*r30r 0°0355 0°3284 2°5858 
2°0513 2°002I 0°0489 0-3014 2°6900 
_ 19373 1"9064 _ 070309 02801 23-4903 
18233 1°7893 0-034t 0-2527 a 2°5323 


es 


x 


. 
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°* ‘Tass JIT (contd ). 


-  Bi-salt. Co- Core %. Log Ce Log x. 
Sod. hydrogen 14843 174306 0°0537 Or1554 2°7300 
succinate = 
L411 1+3702 0°0399 0°1367 2°6013 
, 7'3359 I'2ggr 0°0368 _ O1138 2°5658 
1-267 12224 0°0393 0°0871 2°5042 
11875 I'Ts52 00323, 0°0626 2:5088 
1°1133 , .1°0746 0°0387 0°0311 2+5873 
Sod, hydrogen 1°3975 1-3632 0°0143 OT345 2°1545 
oxalate ~ 7 
1*3086 1°3065 0°0021 OTIIS9 3°3304 
1+2307 1°2284 o‘OII4 0'0892 2°0558" 
x'I709 1°1645 270084 00660 37-8062 
1°1020 1°0934 070086 0°0387 2 3°9340 
1°0331 10295 00036 00124 3°5587 


‘The results for the adsorption of bi-salts of dicarboxy acids : phthalic, 
succinic and oxalic acids are given in Table III. From Figs. rand 2 
the order of adsorption: sodium hydrogen succinate>sodium hydrogen 
oxalate shows that the adsorption increases with the increase in“ molecular 
weight, as in these acids. 


Fic. 2. 


18 
19 
5 
r°3 


ry 


Logo x. 


o'9 


o7 


05 





0'3° : 
30 3°04 308 33 333 315 3°17 
Logyy Cor 
DiscusSIoON. 


In the accompanying experiments, we have got irregular curves with 
polybasic acids, e.g., oxalic, malonic. succinic, phthalic, citric, and with 
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bi-salts of dibasic acids, e.g. sodium hydrogen oxalate, sodium hydrogen 
succinate, and potassium hydrogen phéhalate. We had taken all the pre- 
cautions to avoid contact with oxygen as far as possible. Even if it be 
granted that a slight oxidation was going on along with the adsorption there 
is no reason why the curve should bea zigzag one as has been observed. 
Moreover, chromic and phosphoric acids do not oxidise im which case also 
irregular curves have been obtained. 

Adsorption of monocarboxy acids seems greater than that of dicarboxy 
acids both in aliphatic and aromatic series. Ina homologous series it in- 
creases strougly and regularly as we ascend the series. The percentage of 
adsorption increases as the concentration decreases in monocarboxy acids. 

The adsorption curves in case of dibasic, tribasic acids and those of 
bi:salts of dibasic acids are zigzag, 

At present it is not possible for us to fix the cause of irregularities that 
have been observed. Further work is being done and it is hoped that some 
explanation might be forthcoming. 


; “The authors are thankful to Professor H. Krall and Professor B. L.. 
Vaish for their encouragement and interest in this work, 
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THE DECAY OF HYDROGEN OVERPOTENTIAL AT 
MERCURY SURFACE. 


By S. C. GaNGuLi. 


The decay of hydrogen overpotential was noted against coloured electrode during 
the electrolylic reduction of maleic and fumaric acids in an aerobic condition A tenta- 
tive scheme as to the various stages that might occur during the discharge of H ion has 
been suggested and discussed. - 


It is well known that a certain amount of overvoltage is necessary to 
liberate hydrogen atacathode. Different opinions are held regarding the 
nature and mechanism of overvoltage as is evident from the good review 
made by Writz (Z. Elektrochem., 1938, 44 303). A knowledge of the rate 
of decay of overvoltage after switching off the polarising current is obvious- 
ly necessary to gain a proper insight into the nature of the phenomenon. 
Little work, however, seems to have been done in this direction, the only. 
unportant data available being those of Bowden and Rideal (Proc. Roy. 
Soc., 1928, A, 120, 59), whio give the rate to be eee 


dE, /dt=k,e 22+ 


where E, is the overvoltage, and of Baars (Ber. Ges. Ford. Naturwiss. 
Marburg, 1928, 68, 213), according to whom the rate of decay is 


dE ,/dt=—b/t, 


et 


where ‘‘b”’ is Tafel’s constant. =~ ° 


Ghosh and co-workers (J. Indian Chem. Soc., 1933, 9, 43 ; Biochem. Z.,’ 
1935, 279, 296) and Ganguli (J. Indian Chem. Soc., 1937, 14, 656) recorded 
the decay of hydrogen overpotential after reducing the oxidant electrolytic- 
ally at a mercury cathode. In their several experiments the E.M.F. .of' 
the cell, Hg-H,/Redox System/o-1N-calomel electrode was actually! 
observed to increase after switching off the reducing current {cf. J. I adiee 
Chem. Soc., 1933, 9, 43, Fig. 2, Px 7°50(2)}. 

‘During the electrolytic reduction of maleic and fumaric acids at Hg 
électrode in an aerobic condition with the decay of hydrogen overpotential 
tioted against N/1o-calomel electrode, no definite potential corresponding- 
fo a redox system could be obtained, but the z a1.r. of the cell was found 
to gradually decay to indefinite values corresponding more or less to the 
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bu value of the solution. In several cases the E.M.F. was found actually 
to increase to a maximum after switching off the current and then decay 
“to indefinite values. In absence of any reducible substance, however, the 
E.M.F. without showing any increase always decays down to indefinite 
values from the moment the current is switched off. 


ExPERIMENTAL. 


‘The main experimental procedure was similar to that described by 
Ghosh, Raichaudhuri, and Ganguli (loc. cit.!. The solution after proper 
de-aeration was cathodically polarised for requisite duration at a Hg cathode, 
the polarising current was then cut off and the variation of potential with 
time was noted. 

Scrupulous care was taken to ageid the presence of the slightest trace 
of extraneous organic matter andeoxygen. ‘The ordinary laboratory distilied 
water was redistilled three times (i) from acid permanganate, (i) from 
alkaline permanganate, (iii) from a Jena glass still before use. Sodium 
sulphate used was, strongly ignited in aplatinum crucible. Maleic acid and 
fumari¢ acid were recrystallised several times from triple distilled water. 
The greatest difficulty was expérienced in obtaining a supply of nitrogen 
free from organic matters and oxygen as well. Chemically pure nitrogen, 
prepared from a mixture of ammonium sulphate, sodium nitrite and 
potassium chromate, was purified by passing through a heated tube contain- 
ing CuQ.- It was then passed through a lime tower in which freshly ignited 
lime was used. The gas was next passed through a heated tube containing 
palladinised copper in order to free it from the last traces of oxygen, the 
original Cu/ammonia method having been found unsuitable. The gas was 
then passed throufsh a saturator and finally into the solution, All glass to 
glass joints were ground but not greased. They were protected by mercury 
seals. It is true that lubricators like ‘‘ Apiezohn ’’’ or ‘‘ Airtite ’’ which 
are used for high vacuum work have very low vapour pressure, but even 
they could not be used. Probably, either the solution was spoilt -by 
mechanical contamination or the small amounts of grease that were carried 
by the nitrogen, which had to be passed for a long time for deaeration, was 
sufficient to spoil the experiment... 

- The electrolysing vessel had alsa. to be. modified, “A Gockel. type 
mercury sealed stop-cock with wide bore (4-5 mm.} was used to join the 
anode and cathode chambers (Fig. 1). A small platinum wire B was sealed 
into the anode chamber to serve as an auxiliary cathode. During electro- 
lysis it was connected through a very high resistance to the negative pole 
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of the supplying source so that a small negative potential was maintained 
at this electrode and the diffusion of oxygen from the anode chamber to 
the cathode chamber was effectively prevented. Both the anode and cathode 
chambers were tall, so that contact with the rubber stopper could be 
prevented. It was also essential to start with a dry vessel *before beginning 
the experiment. 


The cathode chamber had the usual arrangement. The reference 
electrode was N/1o-calomel electrode connected with the solution by a 
saturated KCl bridge with a mercury-sealed stop-coek’ and a mercury-sealed 
ground glass joint. As this does not totally prevent diffusion of oxygen 
a small current of N, was maintained throughout. Every day the apparatus 
was kept filled up with alkaline permanganate solution after use and ‘before 
use it was: washed. with a solution of pure hydrogen peroxide (prepared in; 
the laboratory from pure Na,O, and H3SQ,, G.R.), hot caustic’soda solution. 
and nitric acid and was finally dried in.steam. - i gee cart 

- ‘“Cenco ’’ pure rubber stoppers were used in both-the chambers after 
prolonged boiling -in water. Merck’s G. R. mercury. distilled at a_low- 
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pressure was used. A ‘Opler pump was used for generating low pressuré 
in preference to oil pumpin order to avoid last traces of grease from 
mercury. Soba 

The electrolysing current was obtained from a rro volt D.C. supply by 
means of potentiometer arrangement. Potential measurements were made 
with an ordinary hydrogen ion potentiometer. But when readings had to 
be taken at very small intervals this was found unsuitabié. -So a balanced 
triode circuit was designed. ‘T'wo Phillip’s HL, valves were used in opposi- 
tion. It was found that if after keeping the anode voltage 150 and the 
filament current 0-2 amps a negative potential of —2-5 volts was applied 
to the grids, the current in the grid circuit became negligible (less than 107° 
amps). ‘The galvanometer deflections were calibrated by impressing known 
potentials from a potentiometer at'‘X. The usual precautions regarding 
shielding were observed. 


Fic. 2. 





5% 10 15 20 25 30 ee 
Minutes. 


A solution containing 107° M-fumaric acid in N/10-sodium sulphate was’ 
reduced cathodically for different lengths of time. Fig. 2 gives the variation 
of uaF. with time. Curve I was obtained after electrolysis for 90 seconds,” 
curves II and III for 30 and 20 seconds respectively. Results of::similar’ 
observations with a solution containing 10M-fumaric acid in “N/10-sédium 
sulphate ate shown in Fig. 3. Curve I was obtained after electrolysis for 
s1o seconds, curve II for 150 seconds and curve III for'54 seconds. In all’ 
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cases a current.density of, 3°33 x to ‘amps/sq. cm. wasused. Below are given 
two typical data with different concentrations of fumaric acid in N/r1o- 
sodium sulphate electrolysed for different lengths of time. 


i 3 


Tass I- 


ro *M-Fumarie acid electrolysed 10 7M-Fumaric acid electrolysed 
for 20 sec. for 140 sec. 


“Time* EME. “Time EMF. Time* EMF. ‘Time. EMP. 


0 SEC. seaees 240 sec. oaa6s volt. o sec, —1-325 volt. 180 sec, —1-451 volt, 
30 ~1320 volt. 420 —1°300 30 1-372 360 —1°279 
~-60°%- ~1°370 - 480° —r-24z 60 —14q2- 840 2012 
go ~1'402 1050 —0-956 "go 1472 1740 —0-831 
. 120 — —1°44a5 "4800 —o'82r 120® 1-498 21300 0°7725 
“tg90 Baas 150 —1-470 
* (After the current was switched off). * (After switching off the current). 
Fic. 3. Fic. 4. 


Volts——> 





3 ro I5 20 25 39035 5 oO I§ 20 a5 
_ Minutes— > _ L Minutes—> 
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Table I shows that when the time for electrolysis is too small 
(below 54 seconds for 10~?-M fumaric aeid) the z.m.F. of the cell decays 
exponentially after the current is switched off. Only when the time for 
electrolysis is between definite limits, the z.M.F. of the cell at first rises 
after switching off the current and then falls. 


Effect-of Concentration of Reducible Substartces. 


Fumaric acid of different concentrations was electrolysed for 60 seconds 
with a current density of 3-33 x ro~* amp./sq. cm and the rate of variation 
of E.at F was noted after the reducing current was stopped and the results 
of such experiments graphically represented in Fig 4 

Curves I-VI represent respectively 107°M, 107*M, M/s500, -M/250 and 
M/xo0-fumaric acid solutions in N/1o-Na,SO,. 

From the above figures it will be observed that whenever the E.M.F. of 
the cell immediately after switching off the current is greater than about 1°50 
volts or less than about 1-35 volts, the #.17.F. of the cell decays exponentially 
with time after the current is switched off. But if the z.m.r. is between these 
two limits, it at first rises after switching off the current and then decays. 

If any reducing substance be not present, the E.m.r. of the cell 
rises rapidly during electrolysis and when the current is stopped it decays 
exponentially without passing through a maximum. Owing to the ex- 
perimental difficulties involved, the effect of change of pu value of the solu- 
tion was not very clear. The effect was however very small, if any at all: 


DISCUSSION. 


During electrolysis the processes that may take place at the cathode are 
(i) discharge of “hydrogen ions, (i) reduction of the reducible substances 
present, and (iii) discharge of sodium ions. 

Heyrasymenko (Rec. trav. chim., 1935, 44, 303) found that the deposi- 
tion of Naona Hgelectrode does not start until the cathode is about 
2 volts negative to the N/ ro-calomel electrode. Since the rise and fall of 
E.M.F. is observed when the #.m.F. of the cell is 1-30 to 1‘50 volts, it is 
obvious that under expetimental conditions no Na* was discharged on the 
mercury electrode. Only the processes nos. (i) and (ii) as mentioned above 
occurred in this case. 

The fotlowing stages nay be supposed to occur during the discharge 
of hydrogen i ions : (i) movement, of the ions upto the electrode, (iz) neutrali- 
_sation by the transfer of an electron from the cathode to the ion, (iii) 
dehydration,’ (7v) adsorption of the hydrogen atom prodticed on the cathode 
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surface, (v) combination of the atoms produced to form H, ‘molecules, 
and (vi) evaporation of the hydrogen molecules so forméd 


- . The above represents only a temtative scheme. All of them may ‘not 
take place in the order given and some of them may be simultaneous. 
According to Tafel (Z. physikal. Chem., 1905, 50, 64x) hydrogen over: 
voltage is due to the slow speed of the reaction taking place in stage (v). 
On the other hand Volmer, Erdey Gruz and their collaborators (Z. physikal. 
Chem., 1930, A, 180, 203; 1932, 162, 53) and many others think that 
the bottle neck is at stage (ii), and is the cause of hydrogen overvoltage. 
In our discussions we shall assume that neither of the stages are instantane- 
ous and both have comparable velocities. 


- Since the hydrogen ions move faster than sodium ions, most of the 
positive current in the solution is carried by the hydrogen ions to the 
cathode. The main bulk of the solution thus becomes comparatively 
“poor in- hydrogen ions whereas the regjon near the cathode-electrolyte 
‘interface receives a large amount of these ions. Owing to the slow speed 
of transference of electrons from the electrodes to the ions, all of them are 
not immediately neutralised. There is thus an excess of hydrogen ions 
near the cathode-electrolyte interface. When the polarising current is 
‘stopped; this excess of hydrogen ions diffuses towards the buik of the 
‘solution, thus causing a rise in the k.m.F. after switching off the current. 
On -the “other hand, the hydrogen atoms that accumulated on the electrode 
‘during electrolysis will combine to form H, molecules and evaporate as 
“Such for “some time after the cusrént is switched off.” The x.wcr. of the 
-cell will‘tend to fall owing to this. - Owing to these two opposing “tendencies 
the E.M.F. may at first rise and then fall. 


The’ rate of diffusion of hydrogen ions from the ‘immediate neighbour- 
‘hood ‘of. the cathode-electrolyte interface to the bulk “of the solution will 
depend on the concentration gradient of the hydrogen ions. According to 
‘Bowden. (Trans. Faraday Soc., 1928, 24, 473) when the x.m.F. is above 
‘r-60 volts, the interface is comparatively depleted of hydrogen ions by 
discharge. Hence above 1-60 volts diffusion of hydrogen ions towards 
the intérior ‘will be slow and the rate ofincrease in u.m.F. due to diffusion 
will also be small. Again if the su:face concentration of H atoms on the 
cathode reaches very high values, the reaction 2H=H, becomes rapid and 
the rate of fall in u.m.F. owing to this reaction may under this condition 
exceed the rate of rise in x.M.F., so that the E.m.F. of the cell will begin to 
decay exponentially immediately after the current is switched off. 


We can now distinguish two sets of circumstances : 


{ 


698 S. C. GANGULI 


(i) When no reducible substances are present. Under these circum- 
stances all the hydrogen atoms that are Gischdrged accumulate on the 
electrode and the concentration of H,atoms rapidly reaches high values. 
This is what happens when no reducible substances are present and a 
solution of pure sodium sulphate is electrolysed. The E.m-F. of the 
cell becomes high very rapidly (more than 1-60 volts) and then decays 
exponentially after the current is switched off. Ifsome reducible substances 
are present, a part of the hydrogen is consumed by them and a low hydrogen 
atom concentration on the electrode is maintained for a longer period. 

(ii) If prolonged electrolysis is canied out. Under this circumstances 
(when the voltage is above x°60) the interface region becomes comparatively 
depleted of hydrogen ions whereas a large amount of hydrogen ions 
accumulate on the electrode. Rate of faliof p..r. now exceeds the rate 
of rise. So we obtain an exponential fail in the u.m.r. from the very 
beginning. Again when the time for electrolysis is very small, the hydrogen 
ions in the immediate neighbourfiood of the electrode are discharged, but 
a sufficient number do not arrive from the interior to establish an appreci- 
able concentration gradient. Hence in this case also we shall not obtain 
any rise of E.M.F. 

It is to be noted in this connection that we cannot obtain this pheno- 
menon when electromotively active normal redox systems such as methylene 
blue system or ferrous-ferric system are electrolysed since they rapidly 
establish stable potentials characteristic to themselves. It is only when some 
electromotively inactive system such as maleic acid or systems whose 
electrode reactions are slow such as cystine are reduced cathodically, that 
we may expect to observe such rise and fall of E.m.F. - 

Hammet (Trans. Faraday Soc., 1933, 29, 770) was the first to suggest 
that both the electrode processes, H(H.O);+e=H+nH,0, and eH=H, 
are slow and of comparable velocities. Loschkarev and Cossin (Acta 
Physicochimica, 1938, 8, 189) have further extended this idea. The 
observations made in the foregoing experiments appear to agree with this 


view so far as mercury suyface is concerned. 
e 
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THE ELECTRODEPOSITION OF NICKEL ON IRON AND 
THE EFFECT OF COLLOIDS ON THE NATURE OF 
DEPOSIT. 


By V. S. Puri anp F. R. Manmoop ALvI1. 


The action of different inorganic colloids, both of elements and salts, on the electro- 
deposition of nickel on iron has been found to have a very good effect in so far as they 
give hard lustrous deposits with minimum number of pits. Prussian blne sol comes next 
inorder. The formation of pits has been discussed. 


The action of inorganic colloids on the electrodeposition of nickel on 
copper has been investigated in this laboratory (Puri and Bhatia, J. Indian 
Chem. Soc., 1939, 16, 71). It was seen thag the colloids can be classified 
under two heads, viz., those which have a beneficial effect and those which, 
give dark, loose and spongy deposits. The present work was undertaken 
to study the effect of addition of colloids on the electrodeposition of nickel 
on iron. It isof a very great technical importance as the process has 
extensive applications in industry. For this purpose the final product 
should be non-rusting and capable of taking a high degree of polish. 
Further, the layer of nickel should not corrode easily. Various colloids 
were tried to achieve these ends and the results of our experiments are 
given in the present paper. 


EXPERIMENTAL. 


The bath solutions and apparatus employed were thg same as those 
used by previous workers (loc. cit.). The electrodes were subjected to a 
preliminary cleansing treatment given below : 

Iron Plate (Cathode).—The iron strip (6’xx"”xo0'2"”) was taken and 
rubbed on a No. 7 grinding wheel in order to semove the rust stains 
and to obtain an even, uniform surface. It was then rubbed with sand 
paper No.1} across the lines, and then with No. o until the plate was 
smooth to touch. It was finally rubbed on a felt bob. 

The plate was then boiled in a concentrated solution of sodium hy- 
droxide to remove grease and pickled in a 10°1% solution of sulphuric acid 
for one minute'and washed with distilled water. It was dried in a cold 
blast of air. 

Nickel Plate-—(Vide Puri and Juneja, J. Indian Chem. Soc., 1940, 17, 
58x). 
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The bath was kept in a thermostat regulated at 25° and connected 
in series with a copper voltameter. A currenf of 030 amp. was passed. 


Preparation of Colloids. 


Silver Sol.—One type of silver sol was prepared by Bredig’s electrical 
dispersion method and an olive-green solution was obtained. This solution 
after about a week’s standing changed to a clear reddish brown liquid 
with some sediment at the bottom. The other type of silver sol was the 
same as that used by Puri and Bhatia (loc. cit.). 

Red Gold Sol.—Gold chloride (tx g.) was dissolved in water and the 
solution neutralised by cautious addition of sodium carbonate and the- 
volume- made up to roo c.c. to give ar % solution. ‘This solution (zo c.c.) 
was taken in a pyrex flask and made up to 100 c.c. 3 C.c. of 0'1% solution 
of tannin were added to this gradually and a ruby red gold sol was obtained 
immediately. 

Blue Gold Sol.—This solution was obtained by reducing gold chloride 
with hydrazine hydrate prepared in the laboratory. The sol obtained thus - 
was blue. a ‘ 
Sulphur Sol.—Vide Puri and Juneja (loc. cit.). ; ae 

- Prussian Blue Hydrosol—Puri and Bhatia (loc. cit.). Ser 

. Silver Iodide (Positive) Sol.—To 40 c.c. of o’osN-silver nitrate solution 
rr c.c. of o.1N-KI solution were added drop by drop while the flask was 
being shaken thoroughly and continuously. A concentrated sol of Agl; . 
green yellow in colour, was obtained. es 

Silver Iodide (Negative) Sol.—To 220 c.c. of 0.05N-KI solution, 18 c.c. 
of o'rN-AgNO,; solution were added. ‘The colour of the AgI sol was just 
the same as that of the AgI positive sol. Silver chloride and silver “bromide 
sols were similarly prepared. 


4y 


Effect of Colloids. 


Silver Sol (Bredig’s “glectrical dispersion method).—The amounts used 
were 4, 8, r2 and 16 cc. of the solution. ‘The deposit became firm with _ 
4¢.c. and still more so with 16 c.c. of the colloid. However, it was not. uni- | 
form near the bottom of the plate. The number of pits was réduced. 

Silver Sol (Tannin method).—The amounts used was 4, 8, 12 and 16, 
c.c. 4 C.c. of colloidal solution contained 0’000864 g. of silver. “The deposit 
was ‘bright and lustrous in all cases and it could take on a high, polish. . 
With 4 and 8 c.c. the deposit was fairly hard but the addition’of 12 and © 
16 ¢.c. of the colloid gave a uniformly thick and the hardest deposit. The,_ 
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humber of pits was successively reduced in all the cases. Unlike the sol . 
obtained by Bredig’s method, the pits had a conch-like appearance (Fig. A). 
~': Red Gold Sol.—The deposit wa$ bright and lustrous and could be given 
a high degree of polish. Also, it was hard, coherent and would not peel 
off easily. With 4 c.c. i.e. o'o00696 g. of gold large pits were obtained. 
They were, however, very few in number. Upto 12 c.c. the number of pits 
increased, after the addition of 16 c.c. the number of pits did not appreciably 
alter. In outline the pits resemble the conch (cf. Cymboliste, Trans. Electro- 
chem. Soc., 1936, 70, 16), but in structure they take after those obtained 
with the Prussian blue sol. They have a central high spot alternating 

with elliptical rings and a light annular ring between the two 


_Blue Gold Sol.—The addition of this colloid caused an increase in the 
lustre in the order 16 cc. (i.e. 0'00032 g. of gold) > 4¢.c. > 8c.c. > race. 
With 36 c.c. the deposit became very hard. ‘There were a few ‘trailing’ | 
globules in the deposit which was otherwist found to be fairly thick and 
and firm. With 12 and 16 c.c. there were no pits on the obverse side and 
very few on the reverse side. 


Sulphur Sol.—The deposit was formed in patches. It had a burnt 
appearance and iacked lustre in all the cases. Except for the patches of the 
deposit the remaining areas were covered with clusters of coarsely crystal- 
line nickel which could be easily detached from the plate. It was observed: 
that the sol had been adsorbed and could not be washed away with carbon 
disulphide. With 16 cc. (i.e. o'o00704 g. of sulphur) of the soi the deposit 
became loose and spongy and a portion of it fellinto the bath. Fig. B shows 
the nickel crystals on the cathode, with adsorbed sulphur, highly 
magnified. 


Prussian Blue Hydrosol —Lustre increased with increasing atnounts 
of the colloid. The plate could take a good polish It was uniformly 
hard except with 16 c.c. of the colloid when it became less firm. Small 
globules of nickel were, however, found scattered all over the surface with 
4 Cc. ie. 0°000264 g. of the colloid and ‘pitting’ occurred near the bottom. 
With § c.c. their number decreased. With increased amounts of the sol a 
few large pits could be discerned. The ‘pits’ were circular and very deep. 
Fig. C shows them to consist of a round dark spot surrounded by a lighter 
annular ring. The colloid was found embedded in the substance of the 
electro-plate. The colloid could not be easily washed off. 


Silver Iodide Sol (Positive)—With 4 c.c. i.e. o'01504 g. of Agl thé” 
plate became lustrous at places. It had a burnt look ; scattered shiny black 
patches appeared with increased amounts of colloid. The deposit was -loose. 
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and crystals of nickel concentrated on a the. edgeg. Large areas were not 
plated at all. 

Silver Iodide (Negative), Silver Chloride and Silver Biondi sois 
behaved in a like manner. 


Pits during the Process of Formation. 
e 


While examining the effect of blue gold sol an insight was afforded in- 
to the mode of formation of pits. Fig. D shows two of these pits which are 
beginning to be formed. The furrows appear to be quite deep. The open 
end of the horizontal V is then closed forming a unit pit. ‘The limbs then 
further sheet out in order to from the ‘compound’ pit (Fig. E). The wings, 
next, complete the outline of the ‘compound’ pit. Further developments 
now take place in the enclosed area which is gradualiy excavated until 
it takes the final shape of the depression or a pit. 

It may be mentioned here thét the effects produced in every case dis- 
cussed above are from co!loidal suspensions and not from the sols in the 
general sense of the word. As the bath 1s highly electrolytic in nature 
the presence of such a suspension is inevitable but 1t has been observed 
that this suspension takes days to settle and if stirring is constantly done 
it settles hardly at all. That the colloids have a marked effect on the amount 
and nature of deposit appears to be beyond any doubt. 


DiIscuUuSSION. 


Two types of colloids were tried namely the colloidal elements and 
salts in the colloidal state. The silver and gold sols were found to have 
a beneficial effect in so faras they gave hard and lustrous deposits. The 
number of pits aso decreased. The Prussian blue hydiosol comes next 
in order of efficiency. It gives.bright deposits which are capable of taking 
a high polish. 

The halides of silver and elements like sulphur give results which 
are least satisfactory from ‘the point of view of their utilization in industry. 

It has been noticed that with blue gold sol the number of pits decreases 
with the increase in concentration of the colloid. It is very difficult to 
to offer an explanation for the formation of pits. The explanation given 
by some workers that pits are formed under the seat of a bubble of hydro- 
gen gas, which is evolved in the electrolysis, seems to be incorrent for two 


reasons : 


(x) That the gas bubbles were not allowed to settle on the cathode 
and still the pits appeared. 
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: a) Phat where a few bubbles were allowed to remain, ‘they. were kept 
i under ‘observation and after the completion “of the exeerinen pits were not 
necessarily underneath them. 7 : 

Where a pit is found under the seat of a hydrogen bubble, it is probable 
that impurities. in the cathode plate cause polarization, owing to local diffe- 
s “rences of petential, with the consequent formation of a 1 pit and the evolution 
ae of hydrogen EAS a. 


Tt appears, however, that the initial condition of a. pie as. far as 


as - surface texture is concerned, does not affect the formation of a pit. Work 


o is still i in progress in this laboratory. 
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ROLE OF MANGANESE IN THE BIOLOGICAL SYNTHESIS 
OF ASCORBIC ACID. THE SYNTHESIS OF INDO- 
PHENOL REDUCING SUBSTANCES BY GUINEA- 

PIG LIVER IN VITRO AND IN VIVO. 


By M. N. Rupra. 


The ability of normal guinea-pig liver to synthesise indophenol-reducing substances in 
vitro and in vivo in presence of adequate concentrations of manganese has been demons- 
trated. A hypothesis that the inability of the guinea-pig and the primates to synthesise 
ascorbic acid within the body is due to insufficiency of manganese, which acts in the 
capacity of a co-enzyme in the tissues, has been advanced. The probability of synthe- 
sis of ascorbic acid in human being under certain suitable (generally acid) conditions has 
been discussed. 


Guha and Ghosh (Nature, 1934, 134, 730) reported that rat-liver could 
synthesise ascorbic acid from mannose in vitro and in vivo, They also 
reported. (Nature, 1935, 185, 234) that normal or scorbutic guinea-pig 
tissue could not apparently synthesise ascorbic acid from mannose but that 
embryonic guinea-pig tissue and the ovarian tissue of the pregnant guinea- 
pig could synthesise ascorbic acid from mannose. They also claimed that 
only mannose can act as a precursor and although glucose gave some 
positive results in vivo experiments, they opined that the sugar must pass 
through a mamnnose-like configuration before it is synthesised into ascorbic 
acid. ‘The claim of Guha and Ghosh (loc. cit.) regarding the synthesis 
of ascorbic acid from mannose by rat-liver has been challenged by others 
(Euler, Gartz and Malmberg, Biochem. Z., 1935, 282, 399 ; Hawthorne 
and Harrison, Biochem. J., 1937, 81, ro6z ; Klodt, Arch. Exp. Path. 
Pharmacol., 1938, 189, 157 ; Mentzer and Urbain, Compt. rend. Soc. Biol., 
1938, 128, 270). Sztareczy (Biochem. Z., 1938, 295, 369) concludes that 
L-sorbose and to a Jess extent mannose can act as ascorbic acid precursors 
in the rat-intestine (cf. also Lemos, Compt- 1.end., 1939, 208, 946). 

The author (Nature, 1939, 148, 881) has shown that manganese is a 
determining factor in the synthesis of ascorbic acid by rat-liver and has 
suggested an explanation of the inability of other investigators (Euler 
et al, loc. cit.) to demonstrate the synthesis of ascorbic acid in vilro 
or in vivo by rat-liver. It has also been shown by the author that not only 
mannose but other sugars like galactose and glucose can algo act as precur- 
sors. It has now been found that normal guinea-pig liver also can synthesise 
ascorbic acid from the sugar precursors in vitro and in vive in presence of 
adequate concentrations of manganese. 
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ExPERIMENTAL : 
. ° 


Experiments in vitro. 


To demonstrate the synthesis of ascorbic acid by normal guinea-pig 
liver in vitro, the experiments of Hawthorne and Harrison (loc. cit.) were 
repeated with guinea-pig liver and with the modification that the Ringer- 
Locke solution in which the minced liver was incubated for demonstrating 
the synthesis of ascorbic acid, contained various concentrations of manganese 
as manganese chloride. Mannose and galactose were employed as precur- 
sors. ‘The results are given in Table I. 


Tasye I. 
In vitro. 
Mn in 
Ringer- incubated- Sugar. Ascorbic acid con- Remarks. 
Locke. mixture. e tent of liver after 3 
hours’ incubation _ 
(mg./g). 

1. 0'10% 0°05% Mannose 0°18 ~~. 
002 o*Or i o'16 _ 
o'or 0°005 if o'rs — 
o'004 o°oor ” O'r4 _ 
Nil Nii Nil o'r4 : Control; with 

liver but no 
sugar. 

2. o*Io 0°05 Mannose : o'r8 — 
o’oa o"or : 8 o'r6 —_ 
"Or 0°005 9 ors _ 
O°OOr O°0005 Pr O14 — 
Nil Nil Nil o'14 Control. 

3. O'ZO 0°05 ¢ Mannose 0°20 a 
o’oa o’or ay 0°16 — 
o'or 07005 ” o°r4 _ 
Nil Nil Nil o'14 Control. 
Fresh liver without incubation, o'aa _~ 

4. 0°I0 0°05 * Galactose O17 ad 
0°03 o"or ” ors _ 
o*or 0°005 » or3 _ 
Nu Nil Nil 0°33 Control. 
Fresh liver without incubation 0°24 om 


The results obtained with the incubated tissues are comparable among 
themselves. Values obtained with the fresh tissue without incubation are 
naturally higher as incubation causes some loss of ascobiic acid due to 
oxidations 
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e Experiments in vivo. 


Animals of the same litter and of the same sex were employed for 
these experiments. Depending upon the weight of the animals, 25 mg. 
or 40 mg. of mannose contained in o’5 c.c. or I c.c. respectivety of dilute 
manganese chloride solution were injected intraperitoneally. In the con- 
trols,same volume of normal saline was similarly given. ‘The animals were 
killed 8 hours or 5 hours after injection and the ascorbic acid content of 
the liver determined by the microchemical method with 2 : 6-dichloro- 
phenol-indophenol. ‘The titrations (as well as the in vitro titrations) were 
done under ice and were finished in equal time by timing with a stopwatch. 
In one case a very dilute solution of manganese only was injected. ‘The 
results are given in Table IT. 


wtler 


a Taste ID. | 
e 
In vivo. 
xp. (Intraperitoneally). Mg. of ascorbic acid Remarks. 
per g. of liver. 
- 25 Mg. of mannose in 0°5 c.c. of 0°05% 0°30 Killed after 8 hrs. 
Mn (as MnCl). 
o’5 c.c. normal saline (N.S.) 0°24 _ 
2. 25 Mg. of mannose in 0'5. c.c. of 0°27 Killed after 5 hrs, 
004% Mn. 
o’5 cc. N.S. 0°21 — 
3. 40 Mg. of galactose in 1 c.c. of 0°25 3 
0°04% : 
4o Mg. of mannose in x c.c. of 0°24 ie 
0°02% Mn. 
tec. NS. o'ar. _— 
4. 40 Mg, of mannose in 1 c.c. of 0°24 i 
002% Mn. ‘ 
zr ac. N.S, o'2r a 
5. 0'§ Cc, of o'oor% Mn. 0°29 a= 
0.5 cc, N.S. 0°23 =< 


DIsScUSSION.§® 


In this work we have proceeded with the assumption that under the 
conditions of our experiments, the indophenol titration would give the 
value for true ascorbic acid. The author does not, thereby, exclude the 
possible synthesis of non-specific indophenol-reducing substances. ‘The 
investigation on this problem is proceeding and the synthesis of non-specific 
reducing substances, if any, will be the subject matter of a subsequent work 


to be taken in hand. 
It will be seen that normal guinea-pig liver can synthesise appreciable 
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amounts of ascorbic acid (up to 0°06 mg. per*g. of fiver) in vitro as well as 
in vivo. Mannose and galactose can fupction as precursors. It is con- 
ceivable that other sugars may also play the role of precursors (cf. also 
Rudra, loc. cit.) In conjunction with the results obtained by the author 
and reported earlier (Nature, 1939, 148, 881 ; Biochem. Z., 1930, 801, 268) 
it is now fairly convincingly proved that manganese is an jimportant link 
in the mechanism by which the precursors (at least the sugar precursors) 
are converted into ascorbic acid, manganese acting as the co-enzyme to the 
dehydrogenase acting on the hexoses. It is interesting to note that 
Edlbacher and Baur (Z. physiol. Chem., 1938, 254, 275) found that arginase 
acts in association with manganese and other metallic ions and they found 
that manganese is the co-enzyme of arginase and is present with a protein 
carrier. It would also appear that the enzyme or the enzymes (dehydro. 
genases) which transform the precursors into ascorbic acid, is present in 
the guinea pig tissue but its infbility to synthesise ascorbic acid in vivo is 
due to lack or insufficiency of manganese in the tissues. This theory is 
also corroborated by the findings of Lund, Shaw and Drinker (J. Exp. 
Med., 1921, 88, 231) who could not detect any manganese in guinea-pig 
tissues. The author has also found that guinea-pig liver is much 
poorer in manganese centent than the liver of the goat and the fowl. 
These results will be communicated in due course. 

In the light of the author’s investigations it would now be possible to 
explain the inability of the primates and the guinea-pig to synthesise their 
requirements of ascorbic acid within their bodies like other animal species. 
This inability can be explained, as already indicated, by the absence in 
the tissues of sufficient manganese which is the co-ferment of the dehydro- 
genases responsible for the conversion of the precursors into ascorbic acid. 
‘The author also advances the hypothesis that under favourable conditions, 
man would be able to and does synthesise certain amounts of ascorbic 
acid within the body. 


The precursors and ¢he enzymes are there and only the co-enzyme 
manganese is not present sufficiently to make the enzyme active. Any 
condition, therefore, which favours the absorption of greater amounts of 
manganese by the tissues will also help them to synthesise ascorbic acid 
in vivo. Oleson (Biochem. Z.,, 1934, 269, 329) found that in soils and in 
water cultures plants assimilate greater amounts of manganese when the 
reaction is acid. It is probable that an acid reaction in the small intestines 
will similarly lead to a greater absorption of manganese by the animal 
tissues and they would then be able to synthesise ascorbic acid. 

Among the factors influencing the reaction in the intestines are the 


BIOLOGICAL SYNTHESIS OF ASCORBIC ACID 709 


nature of the diet and its acid;base balance. Carbohydrate diets make the 
intestinal reaction strongly acid and theat diet also gives an acid reaction. 
The grain food of birds and flesH food of animals and carrion eating birds 
thus contribute to an acid intestine resulting in manganese absorption with 
consequent synthesis of ascorbic acid. Robinson (J. Biol. Chem., 1935, 
108, 403) has shown that irrespective of the reaction of the solution intro- 
duced into the Jejunal loop of a dog, the recovered solution had always 
a pH of about 6°5. Rat intestines were also found to havea reaction of the 
mean value of about pH 6'5. Redman, Willimot and Wokes (Biochem. J., 
1927, a, 5 589) as well as Abrahmson and Miller (Proc. Soc. Exp. Biol. 
Med., 1925, 22, 438) could not get any marked variation in the intestinal 
bu of rat by varying the diet. The rat and the ‘dog have thus a constant 
and’ acid intestine which enables them to absorb sufficient manganese result- 
ing in ascorbic acid synthesis by the animals. It is probable that manga- 
nese is absorbed in the lower jejunum asd upper ileum where the reaction 
is acid in the rat and the dog and alkaline in the guinea-pig. ‘This explains 
the ability of the rat and the dog and the inability of the guinea-pig to 
synthesise ascorbic acid in vivo. The same arguments hold in the case 
of other animal species which synthesise ascorbic acid. In the case of man, 
the intestinal reaction will be governed by the nature of his diet and its 
acid-base balance. If and when the reaction in the small gut becomes 
acid, sufficient manganese will be absorbed resulting in synthesis’ of 
certain amounts of ascorbic acid. Harde and Wolff (Compt. rend. Soc. 
Biol., 1934, 146, 288) think that the small intestine is the seat of ascorbic 
acid syuthesis (cf. Hopkins, Chem. Ind., 1934, 88, 874). Hopkins 
and Slater (Biochem. J., 1935, 29, 2803) think that both the liver and 
the small intestines are the seats of ascorbic acid synthesis in the rat. The 
author’s view is that in animals in whom ascorbic acié synthesis occurs, 
most of the synthesis occurs in the region of manganese absorption, that is, 
in the lower jejunum and upper ileum. 

Certain sections of the Indian people with grossly inadequate 
intake of ascorbic acid (according to generglly accepted standards) 
do not show any signs of scurvy. This can be explained by their 
“acid’’ and carbobydrate-rich diet which makes intestinal reaction acid 
with consequent ascorbic acid synthesis within the body due to sufficient 
manganese absorption. Wilson and Mitra (Indian J. Med. Res., 1938, 26, 
131) carried out some diet surveys in which the garden labourers with an 
intake of only 26 mg. of ascorbic acid, contained in raw vegetables consumed 
after thorough cooking, showed no signs of vitamin C deficiency. The 
actual amounts of ascorbic acid consumed could not be more than 10 to 
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13mg. An interesting result was obtained by Hawley, Frazer, Button 
and Stevens (J. Nutrition, 1036, 12; 215) by the ingestion of ammonium 
chloride and, sodium bicarbonate respectively to normal healthy persons. 
They found greater excretion of ascorbic acid in the former case than in the 
latter. This greater excretion of ascorbic acid in the urine of persons 
taking ammonium chloride was due, according to the author’s theory, to 
the acidification of the small gut, absorption of more manganese than 
normally and synthesis of some ascorbic acid by the subjects. ; 

Rietschel (Klin. Wschr., 1938, 17, 1787) points out that most.of the 
German people do not take more than 10 to 15 mg. of ascorbic acid in the 
winter and in the spring and yet show no signs of scurvy. He postulates 
that human requirement is. small owing to the alternate oxidation and 
reduction of ascorbic acid in the body. Ina further study by Rietschel.and 
Menschig (Klin. Wschr., 1939, 18, 273), the latter Jived cn a diet of meat 
and cereals, cooked with alkali, for 100 days and remained well and free from 
scurvy. Although serum ascorbic acid fell gradually, the urinary output 
was normal, 1°0 mg. per 100 c.c. towards the end of the investigation. They 
explain the non-appearance of scurvy symptoms by Rietschel’s previous 
hypothesis of alternate oxidation and reduction of ascorbic acid in the body. 
A more plausible explanation, according to the theory of ascorbic acid 
syuthesis in man just postulated, would be that there is some synthesis of 
ascorbic acid by the subject during the test period. Although Stepp and 
Schroeder (Klin. Wschr., 1939, 18, 484) discount the possible synthesis of 
ascorbic acid in man because in the test by Rietschel and Menschig, the 
serum ascorbic acid fell to 0°06 mg. per 100 c.c. at the end, this can be ex- 
plained by the supposition that the amount synthesised was wholly meta- 
bolised and passed into urine and, therefore, could not raise the serum 
ascorbic acid confent. Rudra’s hypothesis on the synthesis of ascorbic 
acid in man is supported by the fact that generally more ascorbic acid is 
excreted in urine in acid conditions than in alkaline conditions. 


The conclusion of Wright (Lancet, 1900, ii, 565; 1908, ii, 725) that 
scurvy goes with acidtsis cannot be given serious consideration. Lepper 
and Zilva (Biochem. J., 1925, 19, 581) have shown that although plasma 
bicarbonate in scorbutic guinea-pigs is slightly lower than that 
in normal animals, owing to the absence of Na and K in scorbutic 
diets, the pH of the plasma of scorbutic guinea-pigs is practically the same 
as the pH of the vormal ones; the former being just a shade higher 
than the latter which fact clashes with Wright’s conclusion but dees not 
disprove the author’s hypothesis. The fact that manganese content of 
human tissues is practically constant throughout life does not clash with 
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the claim of many investigators (Giroud, Ratsimamanga, Robinowicz, Ru-z 
and Cesa, Compt. rend.*Soc. Biol., 1936, 128, 1038 ; Rohmer, Sanders and 
Bezssonoff, Nature, 1934, 186, 142 ; Banerji, Curr. Sci., 1935, 8, 355) thet 
in the early months of infanthood, ascorbic acid synthesis occurs. Sheldoa 
and Ramage (Biochem. J., 1933, 27, 674) found that considerably more 
manganese is found in meconium than can be found in the tissues. The 
excess of manganese is not explained. The gall bladder was richer in mar- 
ganese than the liver. It is probable, the small intestines of the newborm 
babe would have been found, if examined, to be richer in manganese than 
the adult tissue. This would explain the possible synthesis of ascorb-c 
acid in early infanthood and during the later stage of foetal life and inability 
. later when most of the manganese stored in the intestines is exhausted, 
(cf. also Ramage, Sheldon and Sheldon, Proc., Roy. Soc., 1933, B, 118, 30). 
A preliminary report of this investigation appeared in Naturz, 


1939, 144, 868). - 
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RADIOACTIVE ORGANIG BROMO COMPOUNDS. 
By S. D. Cuarrmrjer AND D. K. BANERJEE. 


A few radioactive bromo compounds have been prepared and the yield of the radi + 
active materials in the compounds determined. e 


The use of artificially radioactive substances in botanical and 
biological investigations is increasing very rapidly. Hevesy and 
others (Nature, 1936, 187, 663; 10935, 186, 754) used radioactive 
phosphorus to trace the course of phosphorus in the body of plants 
and animals. Recently, attention has been drawn to the preparation 
of. radioactive organic bromo compounds by Friedmann, Solomon and 
Werthessen (Nature, 1939, 133, 472) and they propose to use them in 
biological experiments. An account of some of our experiments along 
similar lines is described below. 

The radioactive isotope Br®° has been chosen by us because it has a 
conveniently long half-life (4°2 hours) and is chemically reactive. ‘The large 
water-sensitivity of the radioactive isotope further facilitates our experi- 
ments with a compartively weak Ra-Be source. The relative abundance 
of Br’ in natural bromine is also high, being about 51 4 %. 

The first technique is the addition of bromine to a double bond. 
Bromine was introduced to the unsaturated double bond of oleic acid accor- 
ding to the following representation : 


C.H,, CH=CH'C,H,,,CO,H Oleic acid) 
Br 
r eee _ Oe (Dibromo-oleic acid) 


Br Br 


Ethylene dibromide.(1og.) was irradiated with slow neutrons from a 
60 mc (Ra—Be) source 4nd after irradiation 2°9 g. of bromine were added. 
Oleic acid (5 g.) was next added slowly with shaking, and ethylene dibro- 
mide was distilled off in vacuum. ‘The residue was taken in a thin-walled 
glass vessel and measurements were made with a thin walled Geiger-Miiller 
counter, The method yielded a high concentration of radioactive material. 

In the next reaction studied, bromine was introduced into the benzene 
ring. Thus, anisole was treated with bromine when bromoanisole was 


formed, 
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Anisole (5 g.) was dissolved in ethylene dibromide (roo g.). Bromine 
(3g.) was then added ‘under cooling and constant shaking. When the 
characteristic colour of bromine just disappeared, ice-cold water was poured 
into the solution. ‘Thus hydrobromic acid remains dissolved in water 
and the other layer containing ethylene dibromide and bromo-anisole was 
separated by a separating funnel. Traces of organic compound were 
removed from the aqueous layer by shaking with benzene. Hydrobromic 
acid was precipitated by silver nitrate and the activity of silver nitrate was 
theasured. 

The combined benzene and ethylene dibromide solution was throughly 
washed with dilute alkali to remove hydrobromic acid completely and then 
washed with water. It was then fractionally distilled, the fraction boiling 
at 223° being collected and used for the measurement of radioactivity. , 

It was found that almost equal activity appeared in silver bromide 
precipitate and bromoanisole solution. ‘She concentration of radioactive 
material was found to be lower than in the first reaction. : 

“In the next reaction studied acetanilide was treated with bromine 
~when bromoacetanilide was formed and hydrobromic acid liberated. 

Acetanilide (5g.) was added to 100 c.c. of irradiated ethylene dibromide 
and 7 g. of bromine were added with cooling. Shining crystals of p-bromo- 
icetanilide at once separated out. ‘They were filtered and recrystallised 
from dilute alcohol, m. p. 131°. The yield of radioactive material was 
of the same order as that obtained in the case of bromoanisole. 


Table I. 
Relative radioactivity per g. atom of bromine. 
e 
Ethylene dibromide . ans ie eee ea r'o 
Dibromo-olefe acid nas se at is 32°5 
Bromoanisole MS 3 ds es 8'7 
Para-Bromo-acetanilide ... ss ie sal es 6°5 


It may be emphasised, however, that although care was taken to keep 
the geometry constant, the results can only be taken as qualitative. 

A new method for introducing radioactive halogen into organic hali- 
des is that of Brejneva, Roginsky and Schilinsky (Acta Physicochemica, 
1936, 5, 549). They used radioactive aluminium bromide, well known 
as a halogenation catalyst, and suggested an exchange between the 
aluminium and alkyl bromides and, therefore, a method of preparing radio” 
active organic halides ‘according to the reaction 
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° AlLBr,* + RBr=Al,Bre + RBr* 

where the starred element is the radioactive constitutent. _ 

Our preliminary investigation has shown that phosphorus tribromide 
is rapidly activated by exchange reactions with irradiated ethyl bromide, 
i.e., when they are mixed together, the radioactive bromine rapidly 
distributes ‘itself between them in a ratio of bromine confent of these com- 
pounds. Now, when an alcoholis treated with this activated phosphorus 
tribromide, the bromine atoms are quickly incorporated in it forming 
corresponding radioactive alkyl bromide. A typical experimental result is 
given : . 
Ethyl bromide (75 g.) was irradiated with slow neutrons. Phosphorus 
tribromide (2 g) was shaken with -irradiated- ethyl] bromide for about 
I5 minutes. Ethyl bromide was then distilled off from a water-bath. 
The activity of phosphorus tripromide was measured. Next, 12 g. of 
isoamyl alcohol were slowly added to phosphorus tribromide in benzene 
medium and the container was kept immersed in an ice-bath for about 
4 hour and the mixture refluxed for about 15 minutes. Ice and water were 
then added to the solution so that the excess of phosphorus tribromide bioke 
up into phosphoric acid etc. which were washed up with dilute alkaline 
bicarbonate solution and water. ‘The alkyl bromide was separated and dried 
by calcium chloride. : 

Measurements showed that about 65 % of the activity of phosphorus 
tribromide had been transferred to the alkyl bromide molecule. 


‘The authors are indebted to Prof.§D. M. Bose, Director,|Bose Institute, 
for his kind interest in this work. 


Bosz Inerrrvtz, Chtourra and 
CHEMICAL LABORATORY, Received July 29, 1940. 
- University COLLEGE oF 
Scrence, CaLcorra. 
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EXPERIMENTS TOWARDS THE SYNTHESIS OF ANALGESICS. 
By P. V. A. RAMAN. | 


The syntheses of 1-(2’-furyl)-3: saihydrols: 7-methylenedioxyisoquinoline, 1- 7’- 
methoxy 2’-coumarosyl)-3: 4-dihvdro-6 : 7-methylenedioxyiscquinoline, and 1-(q’-phenan- 
thry])-3: 4-dihydro-6: 7 methylenedioxyisoquinoline and their Pannen deriva- 
tives are reported. 


Morphine is recognised as one of the best known natural analgesics. 
‘Ruphoria” leads to repeated administration of the drug, which in turn 
causes ‘‘addiction’’. Innumerable attempts have been made to prepare 
simple, and easily accessible synthetic substances, having thé analgesic 
activity of morphine, but devoid of its undesirable effects (Small, Mosett3z, 
Eddy and others, U.S. Public Health Weports, suppl., 1938, 138). In 
morphine there are furan, coumarone, dibenzofuran, isoquinoline skeletans 
present. Any one of these may prove to be the basic structure for ts 
analgesic properties. 

Considering morphine as an amino-alcohol Mosettig and ‘co-workers 
(J. Amer. Chem. Soc., 1933, 55, 3448 ; 1935, 57, 2189 ; 1936, 58, 1570, 1312) 
have synthesised a large number of simipler amino-alcohols derived from 
phenanthrene, dibenzofuran and carbazole derivatives, which were fouad 
by Eddy and co-workers (J. Phar. Expt. Theiap., 1933, 38, 1753 1935, &4, 
419) to possess some interesting physiological properties. Mosettig aad 
co-workers (J. Org. Chem., 1938, 8, 317; J. Amer. Chem. Soc., 1938, 60, 
2962; 1940, 62, 1110) have also synthesised other substances e.g. benzo- 
quinolines, napthaquinolines, dibenzoisoquinolines and naphthaisoquiro- 
lines. The former two types of compounds were foun@ to be either weak 
or entirely ineffective as analgesics (Eddy, J. Phar. Expt. Theiap, 1936, &8, 
159). The above authors prepared 1:2:3:4-tetrahydronaphtha-(1:2h)-i-o- 
quinoline and 1:2:3:4-tetrahydrodibenzo-(f:h)-isoquinoline by’ cyclising the 
formaldehyde condensation products of 2-(2-amingethyl)-phenanthrene aad 
9-(2-aminoethyl)-phenanthrene respectively by Decker and Becker methcd, 
the Bischler-Napieralski reaction not succeeding (1938, loc. cit.) 

The present investigations were undertaken to synthesise isoquinoline 
derivatives possessing. the structural groups such as furan, coumarone, 
phenanthrene, etc., from the simpler and easily accessible homopiperonzl- 
aminé as the starting material according to the following scheme : 

Homopiperonylamine, prepared according to Buck and Perkin 
(YJ. Chem. Soc., 1924, 126, 1693) has been condensed with (i) ethy] a-furoste 
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(Schwanert, Annalen, 1860, 116, 267) ; (ii) methyl 7-methoxycotimarore-2- 
carboxylate; (iii) 9-pheflanthfoyl chloride (Mosettig and Kamp, J. Aver: 
Chem. Soc., 1933, 58, 3448); (iv) ethyl §-2-furylpropionate: (Windaus 
and Dalmer, Ber., 1920, 58, 2304) and-(v) ethyl . -2-(5-phenyl)-furyl 
propionate (Robinson and Todd, J. Chem. Soc:, -1940,- 1743)-to give the 
amides (I), (IV), (VIL), (X) and (XI) respectively. Qut -of. these only the 
amide (Iv), (X}and (XJ) are well defined crystalline solids. ; 

The cyclisation of the amides (I), (IV) and (VII) to the soaependine 
1-(2!-fury])-3:4-dihydro-6:7-methylenedioxyisoquinoline (V), 1-(7/-methoxy- 
2!-coumarony])-3:4-dihydro-6:7-methylenedioxyisoquinoline (V), and _=-(o! 
phenanthty])-3:4-dihydro-6:7-methylenedioxyisoquinoline. ( VIII )- respec- 
tively, is effected easily and in good yield by gently refluxing with. rhos- 
phorus oxychloride in dry toluene solution. Attempts ‘to effect the 
cyclisation of the amides (X) and (XI) under a variety of conditions resulted 
only in tarry non-basic products, The reduction of the methoiodides of 
the dihydro bases to the corresponding N-methyitetrahydro bases is 
effected readily by heating on the water-bath with zinc and dilute sulpeune 
acid. _ These are oils and are characterised : as Picrates. 


EXPERIMENTAL 


1-(2'-Furyl)-3:4-dihydro-6.7-methylenedioxyisoguinoline (II).—A- mix- 
ture of homopiperonylamine (2 g.) and ethyl furoate (1°53 g.) was heated 
on the water-bath for 24 hours. An ethereal solution of the reaztion 
product was purified by washing with dilute hydrochloric acid followed by 
water, drying over anhydrous magnesium sulphate and: ‘then removing the 
solvent. ‘The crude amide, thus obtained, was treated with dry toluene (20 
c.c.) and phosphorus oxychloride (10 c.c.). The mixture was gently reflaxed 
for x hour (guard tube), cooled and poured with stirring on to crushec ice. 
The resulting solution after freeing from non-basic impurities by repeated 
extraction with benzene, was thoroughly cooled, basified with ‘concent-ated 
ammonia, and extracted with ether. The ‘ther extract after drying 
over anhydrous potassium carbonate and evaporation of the solvent, yielded 
the dihydro base, which crystallised from dilute alcohol in long, colourless 

- rectangular plates, m.p. 95-96°, yield 1°5 g. (Found: C, 69°39; H, <"49; 
N, 5°86. C14Hii03N requires C, 69°72 ; H, 4°57 3 N, 5°8x per cent). - = 

The picrate crystallised from dilute alcohol in long, shining yallow 

needles, m.p. 206° (decomp.). (Found: N, 11°93. CyoH..O.Nu requires 


N, r1‘or per cent). Pe of 
* "OSS ie ee F2Y 


é 


718 P. Ve Av RAMAN 


The methoiodide crystallised from chloroform-petrol in short, bright 
yellow needles, m.p. 238° (decomp.). (Found: el, 341. C,;H,,O3NI requires 
I, 33‘xr9 per cent). 


1-(2!- Furyl) -N- methyl- 1:2:3:4-letrahydro- 6:7-methylenedioxyisoquino- 
line (III).—A mixture of the methoiodide of the dihydro base (o'5 g.), dilute 
sulphuric acid -(20 c.c.) and zinc dust (5 g.) was heated on a water-bath till 
the colour of the solution completely disappeared. The reaction mixture 
was filtered hot, the residue was washed with hot dilute sulphuric acid 
and the filtrate after freeing from non-basic impurities by extracting with 
benzene, was throughly cooled, basified with concentrated ammonia and 
extracted with ether. The ethereal solution after drying and evaporation 
yielded the tetrahydro base asa viscous oil which was characterised as the 
bicrate crystallising from dilute alcohol in short yellow needles, m.p. g9- 
100° (decomp.). (Found: C, 51°96; H 3°74; N, 11°57. Co:HisOi9N, re- 
quires C, 51°86 ; H, 3°7; N, 5°3 pgr cent), 


Methyl 7-Methoxycoumarone-2-carboxylate.—7-Methoxycoumarone-2- 
carboxylic acid (r2 g.), prepared according to the method of Reichstein 
and co-workers (Helv. Chim. Acta, 1935, 18, 819) was esterified by saturating 
an absolute alcoholic solution with dry hydrochloric acid. The resulting 
ester was worked up in the usttal way and was crystallised from dilute 
alcohol in long white needles, m p- 79°, yield 7 g. (Found: C, 63°62; H, 
4°94. CuiH100« requires C, 64°07 ; H, 4°85 per cent). 


7-Methoxy- mcodinarowylhomobibeiowlamide {(IV).—A mixture of 
homopiperonylamine (2 g.) and methyl] 7-methoxycoumarone-2-carboxylate 
(4°5 g.) was heated_on a water-bath for 24 hours. After isolation in the 
“usual way, the crude amide was crystallised from toluene-petroleum ether 
in white clustres of needles, m.p. 86°, yield 3 g. (Found: C, 66°99; H, 
5°09; N, 419. CisHizO;N requires C, 67°25 ; H, 5‘or ; N, 4°13 per cent). 


1- (7!-Methoxy-2!- coumaronyl)- 3:4- dihydro-6:7-methylenedioryisoquino- 
line (V).—A mixture of 7-methoxy-2-coumaronoylhomopiperonylamide 
(2 g.), dry toluene (20 Gc.) and phosphorus oxychloride (ro c.c.) was 
gently refluxed for x hour with exclusion of moisture. The reaction mixture 
after decomposition with crushed ice, was freed from non-basic impurities 
by extraction with benzene, then thoroughly cooled, basified and the libera- 
ted dihydro base extracted with ether. From the dried ethereal solution 
(potassium carbonate) the dihydro base, obtained as residue, was crystallised 
from dilute alcohol in long colourless rectangular plates, m.p. 140-42°, 
yield x5 g. (Found: C, 7x'3r ; H, 4°61; N, 4°44. CipH,0,N requires C, 
74°03 ; H, 4°67; N, 4°36 per cent), - 
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The picrate crystallised from dilute alcohol in ‘short yellow needles, 
m.p. 220° (decomp.). * (Fotfnd: N, 10°13. CosH1sOu.N, requires N, 10°18 
per cent). ay ar : : 

The methoiodide crystallised from chloroform-benzene-petrol in. orange 
yellow, long, ‘rectangular plates, m.p. 190-91° (decomp.). (Found : I, 
27°78. CooEHysO.NI requires T, 27°43 per cent). 

1 (7'-Methoxy-2'-coumaionyl)-N-methyl-1:2:3:4-tetrahydro-6:7-methylene- 
dioxyisoquinoline (VI).—The methoiodide of the dihydro base (1 g.) was 
reduced with dilute sulphuric acid (20 c.c.) and zinc dust (5 g.) as before. 
The product after isolation, as described before in an analogous case, was 
an oil which was converted into the picrate ‘The picraie crystallised from 
dilute alcohol in dull yellow plates, m.p. 185-87° (decomp.). (Found: C, 
55°42; H, 3°92; N, 10°02. Co2He.QiN. requires C, 55°12; H, 3°80; 
N, 9’9 per cent). 


1-(9'-Phenanthryl)-3:4-dihydro-6:7 meth ylenedioxyisoquinoline (VIII).— 
Homopiperonylamine (2 g.) and 9-phenanthroyl chloride (3 g ) were con- 
densed in presence of concentrated potassium hydroxide solution. The 
resulting amide was extracted with ether, repeatedly washed with dilute 
hydrochloric acid, water, then dried and the solvent removed by distillation. 
The crude amide, dry toluene (20 c.c,) and phosphorus oxychloride (10 c.c.) 
were gently refluxed for 1 hour with the exclusion of moisture. The 
product was isolated as before. ‘The oily dihydro base gave a picrate. 


The picrate crystallised from dilute alcohol in shining yellow prisms, 
mi.p. 145-47° (decomp.). (Found : C, 61°39 ; H, 3°46; N, 10°3. CspHaoO Ny 
requires C, 62°17; H, 3°45 ; N, 9°7 per cent). 


1-(9!- Phenanthryl)- N-methyl- 1:2:3:4- tetrahyd1o0- 6:7-methylenedioxyiso- 
quinoline (IX).—The methoiodide of the dihydro base @’5 g.) was reduced 
with dilute sulphuric acid (30 c.c.) and zinc dust (5 g.) as described before. 
The tetrahydro base, liberated with ammonia, was extracted with ether and 
the ethereal extract dried (anhydrous potassium carbonate) and the solvent 
removed by distillation. The oily base was convérted into a picrate. 

The picrate crystallised from dilute alcohol in dull yellow needles, m p. 
105-8° (decomp.). (Found : C, 62°67; H, 4°07; N, 9°52. Csi:H2,0,N, re- 
quires C, 62°41 ; H, 4'02 ; N, 9°40 per cent). 

8-2-Furylpropionylhomopiperonylamide (X).—A mixture of homo- 
piperonylamine (2 g.', ethyl §-2-furylpropionate (2°06 g.) was heated on a 
water-bath for 24 hours. The resulting amide was extracted with ether. 
The ethereal extract, after washing with dilute hydrochloric acid and water, 
was dried and the solvent removed. The amide crystallised from dilute 
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alcohol ‘in short shining needles, m.p. 92°, yield 3 g. (Found: C, 67°33; H, 
591; N; 3 89.- CisHi7O.N requires C, 66°80; A, 5°92; N, 4°88 per cent). 
B-2-(5-Phenyl)-furylbropionylhomopifferonylamide (XI).—Homopipe- 
ronylamine (2 g.), 8 2-(5-phenyl)-furyl propionate (2°5 g.) were condensed by 
heating on the water-bath for 24 hours. ‘The resulting amide was purified 
and separated as in the above experiment The amide crystallised from dilute 
alcohol in short shining plates, m.p. 104-5°, yield 3 g. (Pound : C, 73°x; 
H, 5°92;.N; 4°05. C22H2.0.N requires C, 74°7 ; H, 5°99; N, 3°87 per cent). 


In conclusion the author desires to express his sincere thanks to Prof. 
P. C. Guha for his kind intérest in the investigation. ‘Ihe author’s thanks 
‘are also due to the Dorabji Tata Trust for the award of a scholarship which 
enabled him to undertake the investigation, and to Mr. S. Rajagopalan for 
some valuable help during the progress of the work. 
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STUDIES ON THE CATAPHORETIC SPEED OF SOL PARTICLES 
» AS DEPENDENT ON THE REDOX POTENTIAL 


OF THE LIQUID MEDIUM. 
j ; ‘ By J. C. GHosH AND N. G. BASAx. 


Mobility of colloidal particles of platinum and gold in very dilute aqueous solutions 
of a few redox systems have been studied. Results indicate that the change in the cata- 
phoretic speed and hence the electrokinetic potential of the gold and platinum particles 
are not probably due to any specific ion adsorption but are due to more general factors 
the predominant one being the electron activity of the medium which is responsible for 
the oxidation-reduction potential of the system. 


There are few problems in electrochemistry which are of greater 
theoretical significance than the absolu%e single potential of metals but 
about which there is greater uncertainty. 

The Helmholtz-Lippman theory that the surface tension of mercury 
would increase as the cathode polarisation is increased, and would reach 
a maximum when the potential between mercury and solution has a zero- 
value gave in the hands of skilful investigators the value of Ek =—0'277 as 
the zero-point of absolute potential (Kruger and Krummrich, Z. Elektro- 
chem., 1913, 19, 667.) 

The same value of the zero-point of absolute potential is also obtained 
by the use of dropping mercury electrode (Palmaer, Z. physikal. Chem., 
1898, 25, 265 ; 1899, 28, 257; Nernst, Z. Elekirochem., 1906, 12, 192). 

The reliability of the single electrode potentials derived according to 
the above two methods was not questioned so long as these were the oniy 
two methods available. Doubts were cast on this value of single potential 
by the investigation of Billiter who by careful sampling, investigated the 
the changes in solution taking place in the vicinity of drop electrodes, 
Assuming that the observed changes were due to changes in the concen- 
tration of Hg** ion, he concluded that the zerg point of absolute potential 
occurs between En =+0'4 and Ex, =+0'5 (Billiter,Z. physikal. Chem., 
‘tg04, 48, 513). Similar results have been obtained later by Garrison, 
Bennewitz and other workers. 

According to Freundlich, we must distinguish between (i) the true 
thermodynamic potential E which is the potential of metal surface against 
the movable liquid and is due to the reversible transformation : 


Metal====(metal aon) + (e ) 
nde Wee 10 
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where (e) is the electron concentration, and (ii) the electrokinetic potential 
which is the potential between the thin liquid film directly in contact with 
the solid metal surface and adhering fismly to it and the readily movable 
liquid. Variation of electrokinetic motion and even its reversal only 
indicate the corresponding changes in € potential and may not throw much 
light on the absolute value of E, the thermodynamic potential. 

This objection has also been raised against ‘“‘Schabe method ’’ of 
Bennewitz and it is maintained that scraping with an agate edge cannot 
remove the firmly adhering liquid film from the metal surface and only 
the outer surface of the electrical double layer can be scraped away. 

By studying the effect of concentrations c of salts on the variation 
of and E for the same surface, it has been possible to show in some cases 
the very marked difference in the £-c and E-c curves. Taking advantage 
of the fact that glass acts like a hydrogen electrode over a wide range 
of fx, Freundlich etal (Preuss. eAkad. Wiss., 1920, 20, 397) have made a 
direct comparison of the effect of salton E and €. It was found that the 
£—ps and E-—pa curves of a glass surface covered with a thin film of 
adsorbed serum albumin in acetate buffers of the same ionic strength 
had opposite slopes. 

This is an interesting observation, and it was considered desirable to 
study the € potential of noble metals in a liquid environment whose electron 
activity is known. It is customary now-a-days to describe oxidation- 
reduction processes in terms of transference of electrons. In a reversible 
1eaction of the type AH,=—= =A +2H* +2e, the logarithms of the electron 
activity is given by the equation 


(AHe) _T 
(A) H* 


and the oxidation-r&duction potential of a solution containing such a system 


is a measure of the electron activity and is given by the corresponding 
equation 


4 


log (e)=4 log 





'+ log + constant, 


Enciox= Eg — 0.03 log PEP —0'06 be at 25°. 
We have in this investigation, studied the mobility of colloidal particles 


of platinum and gold in very dilute aqueous solutions of the following 
redox systems : 


Lauth’s violet (thionine), o-bromophenol indophenol, o-chloroindo- 
2: 6-dichlorophenol, methylene blue, potassium indigo-tetra-sulphonate ‘and 
o-cresol indophenol. These dyes have been specially prepared for oxida- 
tion-reduction work in laboratories of the British Drug Houses and were 
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certified to be pure apalytigal reagents. The potential at px 7 varied 
from +023 volt in the case of brdmophenol to ~o’046 volt in the case 
of potassium indigo-tetrasulphonate. The dyes were also selected with a 
view to obtaining in some cases positive dye ion, and in others, negative 
dye ion. The velocity of the particles was measured in an electrophoresis 
cell of cylindrical cross section in conjunction with a Zeiss Uitramicro- 
scope outfit (M&ttson,, Koll.-chem. Beih. -» 1922, 14, aes 3; Svedberg and 
Anderson, Kolloid Z., 1919, 24, 156): 

A 500 c.p. Ediswan point-o-lite lamp was used in lass of an electric 
arc for intense illumination of the ultamicroscopic field, as unlike the 
ordinary arc it did not require any attention during the experiment. 

The electron activity of the solution has been varied by changing the 
ratio of oxidant to reductant and also by changing px by the addition of 
a few drops of a dilute solution of ammonia-and acetic acid as the case 
may be. Buffer solutions cannot be used & they coagulate the solution. 


ExPERIMENTAL. 


The details of experimental arrangement and procedure are given 
below. 

The dye solution (0.005%) was freshly prepared every day. The 
reduction of the dye has to be effected by reagents which will not increase 
the ionic strength of the solution, nor should they be so surface active 
that the colloidal particles get coated with a film of these reagents. 
After many trials, the following two methods were found suitable :— 


(a) Reduction with hydrogen in presence of platinum black which 
was prepared according to the method of Willstatter and Waldschimidt 
Leitz (Koll.-chem. Beih., 1921, 54, 113) and kept after purification under 
. conductivity water. 

(b) Reduction with hydrazine hydrate, always taking care that the 
dye to be reduced is in excess, so that the hydrazine hydrate added to 
the solution is completely decomposed. ‘The gaseous decomposition pro- 
ducts in this case were removed from the system by streaming with pure 
nitrogen. 

Fig. 1 will make the procedure clear. 0.005% Dye solution was kept 
in. the flask (x) which was gently heated and was reduced by streaming 
pure H, gas in presence of platinum black. The reduced product is very 
unstable and is easily oxidised by the oxygen of the air. Hence air is 
completely excluded from the system. ‘The dye was reduced to the extent 
desired and was then transferred by excess of H, pressure to the flask 
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. Ulira-microscope Arrangement. 
e 


Pt, electrodes 9 and 10 leading to the H. T. cells, voltage oma 
vatying between 60 and 220. 


7—Calomel decinormal electrode. The Pt. electrode 8 and 
7 are joined to the potentiometer. 


Pt. electrodes 3 and 4 are connected with the conduction 
apparatus. 


5—-Cataphoretic cell. 
6—Microscope. 


containing colloidal gold afte: filtering the dye through a filter. paper. 
attached to the tube (b). In order that the reduced dye might not be 
oxidised by the oxygen of the air contained in the flask (2), H. gas” 
was first passed for five minutes in -the gold sol, previous to admixture’ 
with the dye solution. Then the reduced dye and the gold sol (1: 1) 
was mixed thoroughly by bubbling H, gas and allowed to attain the 
temperature of the room. : 


This process of reducing dye was followed only in the case of gold 
sol. We have observed that colloidal particles of platinum get coated 
with a film of hydrogen’,gas which is not immediately removed by even 
bubbling nitrogen. The particles showed irregular movement and the 
velocity in the electrical field could not be meastired. In this case the 
dyes were partly reduced by hydrazine hydrate solution and through the 
reduced dye Ng gas was passed in order to avoid oxidation. 


The colloidal solutions of gold and platinum were prepared by Bredig’s 


method in conductivity water. 
* . i 


_ , The mixture of the reduced dye and the gold sol was allowed to 
pass into the cataphoretic cell half an hour after stopping the current, 


STUDIES ON’ GATAPHORETIG JSPEED .OF SOL PARTICLES 725) 


of H, or Nz. Then a jigh tension: field: was introduced through a variable 
resistance to the mixture “(dye + sol) by the electrodes 9 and 10. By means 
of the commutator (C) the currént ‘was reversed. ‘The cataphoretic move- 
ment was ‘measured ‘in both directions taking five observations in each 
direction by focussing at a depth of O° 14 diameter of the Mattson cell 


accofding to'the equation . : ° on 
ef chee - @ Ee: it ae - i < a 3 ‘ , 
te ae om . a ue > oe colt 6 suct 
a T 
whe _U ae ay =0 or g=—=— a he 
: ee z q v4 V9 os ont 


wheré a=distance from the ‘axis or o°14° of the cell’s diameter ii” the 
case of Mattson cell. ~<- bo. da range fs ory ae 


The time ‘required. for a particie to pass through a definite distaace 
of the micrometer scale in the microscope was observed by a stop-watch. 
The iesults’ were checked in typical cases, by noting the cataphoretic speeds 
at différent depths when a parabolic-curve was obtained. non ope 


’ 


The particles of géld and platinum were‘as:usual negatively charged. -- 


Specific Conductivity of the Miature (dye and sol) and the Potiential 
Gradient in the System. For this two platinum wires (3 and 4) were 
introduced into one of the side-tubes attached to the cataphoretic ell 
and the cell constant was determined by méasuring the conductivity o7 a 
solution of KCl of known strength (N/50). ‘The specific conductivity of 
the dye solutions containing the sol’ is then determined in each case and 
knowing the dimensions of the cataphoretic cell, it is possible to calcu.ate 
the resistance of x c.c. of column of the dye solution in the observation 
cell. The current passing through the high tension circuit was read by 
the deflection of a calibrated galvanometer.. The poteptial gradient in the 
cataphoretic cell was thus easily calculated. 


E. M., F: Measurement, —The eda: potential of the inixture ~vas 
determined in situ by first switching off cthe high tension circuit. and 
then measuring the potential, of the platinum,’ wire (8) against a kncwn 
electrode N/jx0- KCl-calomel electrode (7) by a potentiometer. 


ie Measurement. —After the cataphoretic velocity had been determined 
mixturé was’ taken out’ from the cataphoretic cell and the bu of the 
mixture. was-measured -by a glass electrode, The velocities, were also 
measured = different depths of the cataphoretic cell and they were found 
to lie ona parabola. “After every observation, the-cell was cleansed by ecid 
and alkali, The experimental data are recorded in the following tables. 


En. 
+0'0556 
*Fo'009 
—0'038 
+0'16 
+o'09 
+0°38 


+0°103 


—0°043 


En. 
+0'065 
+0'0516 
+0°0105 
+0'18 

“borr3 
+0'10" 


+ 0°%a 
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Thionine. 
Reduction, pu. 
15% 80 
85"0 ” 
98's ” 
27°0 50 
99"0 ” 
16°5 47 
1r'o 68 
58° 84 
Thionine. 
Reduction. ® Pu 
9'0% 8'o 
19'0 ” 

e 
78°0 eG 
30°0 45 
96'8 »” 

" 94’0 50 
42’0 53 


Tazre I, 
Gold Sol. 
‘Vo. En, 
ar'4xi0§ §=+ 0015 
25°7 —0°031 
28'9 —0'048 
14°9 —0'063 
18°7 +0°18 
12°4 : +0°136 
e 
16°8 +0°I05 
as‘8 +0°33 
+0°13 
+O°IE 
Tasie IT. 

Platinum Sol. 

Vo. En, 
17:-3xI07§ +0°0214 
18°3 —0°023 
20°7 —0°052 
Io°r +014 

: 14"4 +o7°I0r 
15"2 +0103 
12°0 -Fo0°08 

0°05 


e s 
Methylene blue. 
Reduction. Pu. Vo. 
770% * 8:0 = a5*7 x 1078 
7X'0 ‘3 27°8 
88°5 w —-3K'5 
96°0 » 330 
r'o 5°o 13'9 
7'0 «167 
39°0 » =17°6 
99°5 » = 40°9 
23'0 50 14°9 
1'o 6.0 14°5 
Methylene blue. 
Reduction. Pu. Vo. 
4°0% 8'o 21"o x 10" & 
53°5 ” 23°2 
92° ” 24°7 
40 50 12"4 
520 ” 13°9 
12°0 54 145 
24°0 56 158 
33°4 ‘8a an7 


y 
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e DISCUSSION. 


Detailed investigations of the electrochemical properties of gold sol 
have already been carried out by Zsigmondy and co-workers, Pauli and 
co-workers, and by Beans and Eastlack and co-workers. It has been 
claimed by the last group of workers that gold sol by Bredig’s method can 
only be prepared df the water contains traces of Cl ion. Pauli and Kautzki 
did not find any Cl ion, either in the gold gel or the filtrate from such 
agel. Pauli maintains that the negative charge of gold sol is due to the 
surface being coated with Au(OH), ion which is analogous in composition 
to AuCl, ion. In our experiments the colloidal particles of guld were 
treated with hydrogen gas before being admixed with a redox indicator 
dye, the reducing potential of both hydrogen and the dye being such as 
to reduce completely microscopic particles of gold oxide It is debatable 
whether in such an environment, the hydrexy gold ion is capable of stable 
existence. ° 

The influence of OH™ ion on the cataphoretic speed of colloidal gold 
has been studied by Pauli and Fuels and Thiessen and Henmann. The 
values change from 3010~° approximately to 35xx10~°, when the final 
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concentration of K,CO, added is 1x 107°N.. Our experimental resulis on the 
relation between the redox potential of the environment and the cataphoretic 
velocity of gold particles are shownl‘in Fig. 2.°7 40 et “2 set 

The observations relate to particles “of ultramicroscopic’ sizes, and” the 
redox potential’ has been varied -by (i) choicé of suitable iddicators, ii) by 
changes i in the oxidant to reductant teratlo,: and (iii) by changing br ny addi? 
tion of ammonia ‘and acetic acid. fie CS, Mate vg tha 

It will be’seen that the slope of Fx—p (cataphoretic speed) has approxi- 
mately the saine value fot" ‘all the dye solutions studied. Not only that, the 
absolute values of p» in different dye solutions, and at different - pu are ‘close 
to one another, if the redox’ potential is the’ same." It is to‘be noted” ‘that 
some of the dye ions are positively charged and others negativ ely charged, 
but their influence on’ the ‘cataphorétic speed’ of the ‘negatively charged 
gold’ particles is independent of the sign of the charge of the indicator ° ion, 
but is dependent on the redox pot&ntial of the environment. 6° ae 
_ The electrochemical properties of platinum sol have been thoroughly 
studied by Pennyquick (U. Chem. Soc’, 1927, 2600 ; 1928, ‘ et) ‘who postulates 
the existence of H,Pt(OH)<. We have observed_ that unlike’ the gold sol, 
hydrogen streamed through’ a platinum sol chatiges ‘the surface of the sol 
particles in such a way that the cataphoretic speed could not be measured 
with reproducible exactitude. This ‘created the suspicion that the mole- 
cules of hydrogen adsorbed by the ‘shi particles adhere tenaciously to the 
surface and it takes a long time after the bubbling has been stopped before 
desorption becomes complete. This hypothesis could be tested if a clean 
platinum wire were dipped into a platinum sol, after it has been streamed 
with hydrogen, and the potential of the wire penne a N/10-calomel electrode 
measured from time to time. cee 

Time in miuutes after . 3 

stopping the hydro- 5 30 60 150 180 
gen stream. igh 2 


Ep of the platinum b , ; z 
wire in platinum —0'09 ~o'06 =. © | 40°34 +0'40 +0'45 
sol. ° es we gt ae 

° ’ 


It will be seen that the potential of the: solution to begin with -is 
negative and not far removed from the potential of the hydrogen electrode. 
After the 30th minute the adhering film of hydrogen practically disappears 
and the sol particles cannot function as a reservoir of hydrogen gas. This 
point is indicated by the sudden jump to high values of positive potential. 

In view of this direct evidence of hydrogen film on the surface of 
-‘eolloidal platinum particle, it is worth considering, if the hexahydroxo- 
platinic acid is not completely reduced i in contact with hydrogen. 
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Fie. 3. 
Platinum sol. 







I x-» Lauths Violet (Threonine) 
4 0 -~ O-bromaphenol “Indopheniot 
Hl a O-Chlone Indo 2:6 aschlorophanol 
Wa- Mebhylene blue 

Ve — Potassium Indigo betna Sulphonate 
VI © + O-Crasol Indophenal . 


H/voltfsecfem 





x 
-0'25 ~02 -O'I —0'05 0 0-05 t+o'r +0'2 +03 ~ho.4 
—>E, <— . 

The general features of Ex,-» curves in platinum sol (Fig. 3) are similar 
to those in gold sol. 

It will be premature at this stage to try to draw far reaching conclu- 
sions from the results recorded here but the inference may easily be made 
that under the experimental conditions that we have maintained, the change 
in the cataphoretic speed and hence the electrokinetic potential of the gold 
and platinum particles are not probably due to any spe@ific ion adsorpt.on 
but are due to more general factors, the predominating one being he 
eiectron activity of the medium, which is responsible for the oxidation- 
reduction potential of the system. It is also to be noted that if the Es-p 
curves are extrapolated to zero value of z, they all,tend to cut the Ey axis 
between + 0°35 and +0'45 volts. It is significant that these values of 
electrode potential are in the neighbourhood of these obtained by Billiter end 
Garrison. 

Our thanks are due to Dr. S. K. Bhattacharya for his help in tris 
investigation. 
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The Chemical Constitution of Natural Fats By T. P. Hinprrces 
(Cuapman & Hay Lrp., Lonpon) 1940. Pp. XI+438. PRIck 35 SH. NET. 


Attempts have been made for the first time in this book’ to systematize 
natural oils and fats from biological and constitutional points of view. 
The author has classified them under the following heads :-— 


(1) Fats of aquatic origin 
(a) Fresh water 


1 (b) Marine 
(2) Fats of land animals 
(3) Milk fats . 


(4) Vegetable fats 
(a) Seed fats 
(b) Fruit pulp fats 
(c) Fruit carnel fats 


and has shown tie characteristic differences in their compositions specially 
in regard to camponent fatty acids and constituent glycerides. ‘The old 
way of dividing oils and fats under non-drying, semi-drying and drying 
heads has been given up. ‘This classification has served and wili still serve 
some purpose ; it has reference to the presence of constituent oleic, linolic 
and linolenic acids in the three types of oils respectively but on account 
of their occasional simultaneous presence, one class always overlaps another 
and heuce creates difficulty in thus distinguishing them. ‘The classification 
will of course still be useful but the one adopted by the author seems to be 
more rational. Although the chemistry of various natural products such as 
carbohydrates, terpenes and alkaloids, has been quite well known due to 
enormous amoutt of research works on synthetic lines, that of natural oils 
and fats has been all along an obscure chapter. The characteristic values e.g., 
Sap. value, Iodine value, Acetyl value, Reichert Meissel, Reichert Polenske 
and other values, the qualitative tests such as Maumene, R. I., Bromine 
Thermal, Elaidin etc., and the methods of isolation of component fatty acids 
via lead salts or by fractionation of esters—were all that helped us to gain 
an insight into the composition of oils and fats. At first isolation of - 
glycerides was attempted by laborious fractional crystallisation with partial 
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or no success and then sporadic and sometimes fruitless attempts were 
made in synthesising : glycerides. Due to the elastic nature of a-, B-, 
and y-positions in the glyceryl radicle erroneous results were obtained in 
such syntheses as were shown by Emil Fischer who in his last days deveted 
his attention to this aspect and successfully prepared some of them by 
his novel method. In the case of natural products like carbohydrates, 
terpenes and alkaloids and colouring matters, preparation of substances 
in the pure state’was first achieved ; then their analyses and reactions gave 
a comprehensive idea as regards their structures. These two were geuerally 
followed by their syntheses for final identification. These steps could not 
be adopted in the case of oils and fats on account of (a) the difficulty in 
getting individual glycerides in the pure state (natural oils and fats are 
mixtures generally of various kinds of glycerides), (b) the difficulty of 
determining the nature and respective positions of the component fatty 
acids and finally (c) the difficulty in synthesising the required glyceride 
for identification. While the first “difficuity remains as ever, the 
second one has been partially tackled by Hilditch and his band of 
workers. The present book embodies all their results with the generalisa- 
tions that have been revealed. Hilditch’s works in this obscure line of 
organic chemistry started from 1925. His procedure, although not entirely 
novel as it followed the line of Bertram, developed in entirely new and 
interesting manner in its applications. It was a modification of Bertram’s 
process of oxidation of glycerides ; this was followed by Haller’s process 
of alcoholysis with a view to prepare different kinds of esters and fractionally 
separate them. Considering how tight has been thrown in the constitutional 
meshes of complex glycerides we' must say that the researches have no 
parallel. A mixture of complex glycerides (a), (b), (c), (d), etc., is oxidised 
ina controlled way so that part of the unsaturated residues is broken up at 
the double bond or bonds to give mono- or dicarboxy fatt¥ acids on the one 
hand and mono,- di- or tri- acid glycerides on the other according as there 
are one, two or three unsaturated component fatty acids in the glyceride 
molecules ; the fatty acids are identified and the acid glycerides are esterified 
according to the Haller’s method and fractionally, separated. For example 
a glyceride of the composition : 


CR... 
C—O'CO(CH,)m°CH=CH'CH,’CH =CH(CH,)n’COOH 
C—R’ 


(where R and R* are different saturated acid residues) when submitted to 


732 : .. REVIEW 


Scan) er . asad 1), / (OOH 
Hilditch’s process of oxidation would give malonic acid, (CH,)n < 
‘ . ° COOH 
and an acid glyceride of the composition C—R ‘ 
C—O:CO (CH;)m' COOH 
C—R? 
After separation by esterification and fractional distillation, the’ product is 
completely hydrolysed and R, R* and m are found by further examination. 
It cannot be said that we have reached a perfect state as positions of R, R' 
and the third residue remain yet to be determined. The esterification method 
’ of separation (practically the only method) is also not beyond objection as 
pure stuff can not easily be obtained on the examination of which a strictly 
scientific conclusion may be based. __ x 
A fairly representative number of oils has been dealt with in the book 
with special reference to the cosstitutional aspects elaborated above. It 
has been written in an entirely novel manner unlike other text-books on oils ‘ 
it will certainly be of help to researeh workers. Generali students will be 
naturally disappointed as many ordinary details have been omitted, many 
oils have not found place and technological aspects have been totally avoided. 
The author has in his preface sufficiently explained these omissions. ‘I'he 
addition of the chapters on the constitution of the fatty acids—many of 
which remain still obscure, the synthetic giycerides and the special technique 
for the examination of oils by the new method has been quite valuable. 
The book may not be an ideal one for réference but it is undeniably the 
first to which the workers in the complicated field of oils will certainly 
look for guidance. - 


M.G. 
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